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Just  as  ancient  institutions  relied  on  the  Aztec 
calendar  for  vital  measurements  of  time,  today's 
leading  medical  institutions  rely  on  ASTECH  Peak 
Flow  Meters  for  vital  patient  measurements* 
Because  more  accurate  information  leads  to  more 
effective  therapy. 

Entrust  the  health  of  your  patients  to  the  peak 
flow  meter  trusted  by  some  of  the  leading  medical 
hospitals  for  pulmonary  medicine. 

The  ASTECH  Peak  Flow  Meter.  A  precision  instru- 
ment with  a  record  of  accuracy  and  reproducibility 
that  has  stood  the  test  of  time  in  the  most 
demanding  environments. 

Call  800-527-4278  today  for  really  accurate  infor- 
mation about  a  really  accurate  peak  flow  meter. 

ASTECH9  PEAK  FLOW  METER 


ZENITH.1%. 
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National  Jewish  Medical  and  Research  Center  (ranted  #1  for  pulmonary  diseases  by  U.S.  New  and  IIMf  Report. 
July  1 998)  and  other  thought  leaders  use  the  Astech  Peak  Flow  Meter  exclusively. 
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Ipratropium  Bromide 

INHALATION  SOLUTION 

From  DEY 

The  only  generic  alternative  to  Atrovent® 
with  Patient-Focused  Packaging? 


Plastic  unit-dose  vials  with 
DEY  TwistFlex  tops  provide  easy 
access  just  when  it's  needed  most. 


Color-coded  packages 

and  vial  labels  provide 

quick  identification. 


AN-rated  DEY  Ipratropium  Bromide  is  the  high-quality,  low-cost*  generic  alternative  to 
Atrovent®  Inhalation  Solution.  It  assures  quick,  convenient  dispensing,  reducing  the  chance 
of  patient  errors.  And  now,  it  is  available  in  25-,  30-,  and  60-vial  packs. 

For  more  information  about  Ipratropium  Bromide  Inhalation  Solution  from  DEY 
Laboratories,  contact  your  DEY  representative  or  call  1-800-755-5560. 


•Prices  are  based  on  the  current 

published  average  wholesale  prices 

for  Atrovent"  Inhalation  Solution 

and  DEY's  Ipratropium  Bromide 

Inhalation  Solution. 

Atrovent"  is  a  registered  trademark 

of  Boehringer  Ingelheim 

Pharmaceuticals,  Inc. 

©  1997  DEY  Laboratories 

09-72OO1    09/97 
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Breathing  New  Life 
3  Into  Respiratory  Care 


DEY  Laboratories 

2751  Napa  Valley  Corporate  Drive 

Napa,  CA  94558 


(Please  see  adjacent  page  for  summary  of  prescribing  information) 
Circle  114  on  reader  service  card 
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Now  available  in  25s,  30s,  and  60s! 

Ipratropium  Bromide 

INHALATION  SOLUTION 
From  DEY 


Ipratropium  Bromide  Inhalation  Solution  0.02% 

BRIEF  SUMMARY:  Please  see  package  Insert  for  full  prescribing  information. 

CONTRAINDICATIONS:  Ipratropium  bromide  is  contraindicated  in  known  or  suspected  cases  of  hyper- 
sensitivity to  ipratropium  bromide,  or  to  atropine  and  its  derivatives. 

WARNINGS:  The  use  of  Ipratropium  Bromide  Inhalation  Solution  as  a  single  agent  for  the  relief  of 
bronchospasm  in  acute  COPD  exacerbation  has  not  been  adequately  studied.  Drugs  with  faster  onset 
of  action  may  be  preferable  as  initial  therapy  in  this  situation.  Combination  of  Ipratropium  Bromide 
Inhalation  Solution  and  beta  agonists  has  not  been  shown  to  be  more  effective  than  either  drug  alone 
in  reversing  the  bronchospasm  associated  with  acute  COPD  exacerbation. 

Immediate  hypersensitivity  reactions  may  occur  after  administration  of  ipratropium  bromide,  as 
demonstrated  by  rare  cases  of  urticaria,  angioedema,  rash,  bronchospasm  and  oropharyngeal  edema. 

PRECAUTIONS:  General:  Ipratropium  bromide  should  be  used  with  caution  in  patients  with  narrow  angle 
glaucoma,  prostatic  hypertrophy  or  bladder  neck  obstruction. 

Information  for  Patients:  Patients  should  be  advised  that  temporary  blurring  of  vision,  precipitation 
or  worsening  of  narrow-angle  glaucoma  or  eye  pain  may  result  if  the  solution  comes  into  direct 
contact  with  the  eyes.  Use  of  a  nebulizer  with  mouthpiece  rather  than  face  mask  may  be  preferable, 
to  reduce  the  likelihood  of  the  nebulizer  solution  reaching  the  eyes.  Patients  should  be  advised  that 
Ipratropium  Bromide  Inhalation  Solution  can  be  mixed  in  the  nebulizer  with  albuterol  or  metapro- 
terenol  if  used  within  one  hour.  Drug  stability  and  safety  of  Ipratropium  Bromide  Inhalation  Solution 
when  mixed  with  other  drugs  in  a  nebulizer  have  not  been  established.  Patients  should  be  reminded 
that  Ipratropium  Bromide  Inhalation  Solution  should  be  used  consistently  as  prescribed  throughout 
the  course  of  therapy. 

Drug  Interactions:  Ipratropium  bromide  has  been  shown  to  be  a  safe  and  effective  bronchodilator 
when  used  in  conjunction  with  beta  adrenergic  bronchodilators.  Ipratropium  bromide  has  also  been 
used  with  other  pulmonary  medications,  including  methylxanthines  and  corticosteroids,  without 
adverse  drug  interactions. 

Carcinogenesis,  Mutagenesis,  Impairment  of  Fertility:  Two-year  oral  carcinogenicity  studies  in  rats 
and  mice  have  revealed  no  carcinogenic  potential  at  dietary  doses  up  to  6  mg/kg/day  of  ipratropium 
bromide. 

Results  of  various  mutagenicity  studies  (Ames  test,  mouse  dominal  lethal  test,  mouse  micronucleus 
test  and  chromosome  aberration  of  bone  marrow  in  Chinese  hamsters)  were  negative. 

Fertility  of  male  or  female  rats  at  oral  doses  up  to  50  mg/kg/day  was  unaffected  by  ipratropium 
bromide  administration.  At  doses  above  90  mg/kg,  increased  resorption  and  decreased  conception 
rates  were  observed. 

Pregnancy:  TERATOGENIC  EFFECTS: 

Pregnancy  Category  B.  Oral  reproduction  studies  performed  in  mice,  rats  and  rabbits  at  doses  of  1 0, 
100,  and  125  mg/kg  respectively  and  inhalation  reproduction  studies  in  rats  and  rabbits  at  doses  of 
1.5  and  1.8  mg/kg  (or  approximately  38  and  45  times  the  recommended  human  daily  dose)  respec- 
tively, have  demonstrated  no  evidence  of  teratogenic  effects  as  a  result  of  ipratropium  bromide. 
However,  no  adequate  or  well  controlled  studies  have  been  conducted  in  pregnant  women.  Because 
animal  reproduction  studies  are  not  always  predictive  of  human  response,  ipratropium  bromide 
should  be  used  during  pregnancy  only  if  clearly  needed. 

Nursing  Mothers:  It  is  not  known  whether  ipratropium  bromide  is  excreted  in  human  milk.  Although 
lipid-insoluble  quaternary  bases  pass  into  breast  milk,  it  is  unlikely  that  ipratropium  bromide  would 
reach  the  infant  to  a  significant  extent,  especially  when  taken  by  inhalation  since  ipratropium  bromide 
is  not  well  absorbed  systemically  after  inhalation  or  oral  administration.  However,  because  many 
drugs  are  excreted  in  human  milk,  caution  should  be  exercised  when  ipratropium  bromide  is  admin- 
istered to  a  nursing  woman. 

Pediatric  Use:  Safety  and  effectiveness  in  pediatric  patients  below  the  age  of  12  have  not  been  estab- 
lished. 

ADVERSE  REACTIONS:  Adverse  reaction  information  concerning  Ipratropium  Bromide  Inhalation 
Solution  is  derived  from  12-week  active-controlled  clinical  trials.  Additional  information  is  derived 
from  foreign  post-marketing  experience  and  the  published  literature. 

All  adverse  events,  regardless  of  drug  relationship,  reported  by  three  percent  or  more  patients  in  the 
12-week  controlled  clinical  trials  appear  in  the  table. 


All  Adverse  Events 

From  a  Double-blind,  Parallel,  12-week  Study  of  Patients  with  COPD* 

PERCENT  OF  PATIENTS 

loratrooium  / 

Ipratropium 

Ipratropium 

Meta- 

Bromide/ 

Bromide/ 

Bromide 

proterenol 

Metaoroterenol 

Albuterol 

Albuterol 

(500  meg  t.i.d.) 

(15  mg  t.i.d.) 

(500  meg  t.i.d./ 
15  mg  t.i.d.) 

(2.5  mg  t.i.d.) 

(500  meg  t.i.d 
2.5  mg  t.i.d.) 

n  =  219 

n  =  212 

n  =  108 

n  =  205 

n  =  100 

Bodv  as  a  Whole- 

General  Disorders 

Headache 

6.4 

5.2 

6.5 

6.3 

9.0 

Pain 

4.1 

3.3 

0.9 

29 

5.0 

Influenza-like  symptoms 

3.7 

4.7 

6.5 

0.5 

1.0 

Back  Pain 

3.2 

1.9 

1.9 

2.4 

0.0 

Chest  Pain 

3.2 

4.2 

5.6 

2.0 

1.0 

Cardiovascular 

Disorders 

Hypertension/ 

Hypertension 

Aggravated 

09 

1.9 

0.9 

1.5 

4.0 

Central  &  Perioheral 

Nervous  Svstem 

Dizziness 

2.3 

3.3 

1.9 

3.9 

4.0 

Insomnia 

0.9 

0.5 

4.6 

1.0 

1.0 

Tremor 

0.9 

7.1 

8.3 

1.0 

0.0 

Nervousness 

0.5 

4.7 

6.5 

1.0 

1.0 

Gastrointestinal 

Svstem  Disorders 

Mouth  Dryness 

3.2 

0.0 

1.9 

2.0 

3.0 

Nausea 

4.1 

3.8 

1.9 

2.9 

2.0 

Constipation 

0.9 

0.0 

3.7 

1.0 

1.0 

Musculo-skeletal 

Svstem  Disorders 

Arthritis 

0.9 

1.4 

0.9 

0.5 

3.0 

ResDiratorv  Svstem 

Disorders  (Lower) 

Coughing 

4.6 

8.0 

6.5 

5.4 

6.0 

Dyspnea 

9.6 

13.2 

16.7 

12.7 

9.0 

Bronchitis 

14.6 

24.5 

15.7 

16.6 

20.0 

Bronchospasm 

2.3 

2.8 

4.6 

5.4 

5.0 

Sputum  Increased 

1.4 

1.4 

4.6 

3.4 

0.0 

Respiratory  Disorder 

0.0 

6.1 

6.5 

2.0 

4.0 

ResDiratorv  Svstem 

Disorders  (Upper) 

Upper  Respiratory 

Tract  Infection 

13.2 

11.3 

9.3 

12.2 

16.0 

Pharyngitis 

3.7 

4.2 

5.6 

2.9 

4.0 

Rhinitis 

2.3 

4.2 

1.9 

2.4 

0.0 

Sinusitis 

22 

2.8 

0.9 

5.4 

4.0 

•All  adverse  events,  regardless  of  drug  relationship,  reported  by  the  three  percent  or  more  patients  in  the  12-wei 
controlled  clinical  trials 

Additional  adverse  reactions  reported  in  less  than  three  percent  of  the  patients  treated  with  ipr; 
tropium  bromide  include  tachycardia,  palpitations,  eye  pain,  urinary  retention,  urinary  tract  infectio 
and  urticaria.  Cases  of  precipitation  or  worsening  of  narrow-angle  glaucoma  and  acute  eye  pain  hav 
been  reported. 

Lower  respiratory  adverse  reactions  (bronchitis,  dyspnea  and  bronchospasm)  were  the  most  commo 
events  leading  to  discontinuation  of  ipratropium  bromide  therapy  in  the  12-week  trials.  Headachi 
mouth  dryness  and  aggravation  of  COPD  symptoms  are  more  common  when  the  total  daily  dose  ( 
ipratropium  bromide  equals  or  exceeds  2,000  meg. 

Allergic-type  reactions  such  as  skin  rash,  angioedema  of  tongue,  lips  and  face,  urticaria,  laryr 
gospasm  and  anaphylactic  reaction  have  been  reported.  Many  of  the  patients  had  a  history  ( 
allergies  to  other  drugs  and/or  foods. 

HOW  SUPPLIED:  Ipratropium  Bromide  Inhalation  Solution  is  a  clear,  colorless  solution  supplied  in  a  unil 
dose  vial  containing  2.5  mL.  Supplied  in  cartons  as  listed  below: 

25  vials  per  carton  NDC  49502-685-03 

30  vials  per  carton  NDC  49502-685-33 

60  vials  per  carton  NDC  49502-685-60 

Each  vial  is  made  from  a  low  density  polyethylene  (LDPE)  resin. 

Store  between  15*  and  30  C  (59*  and  86  F).  Protect  from  light. 

Caution:  Federal  law  prohibits  dispensing  without  prescription. 


Retain  in  carton  until  time  of  use 
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Saturation  Recorded  During  Rubbing  Motion 

Maximo  SET  accurately  tracks  the  desaturation  and  resaturatid. 

while  the  Oxismart  product  misses  the  hypoxemic  event. 

This  study  was  performed  on  adult  volunteers. 

Data  courtesy  of  Dr.  Steven  Ba*He^rh.D.,  M.D.,  Professor\nd  Chairman, 

Department  of  Anesthesiology,  University  of  Arizona 


Masimo  SET 
Motion  Hand 


N-3000  (OXISMART) 
Motion  Hand 


Reference  (N-200) 
Non-Motion  Hand 


the  proof  is  in  the  performance 


motion    study 
SpO,  System  nZMASIMO  jtl.     N-3000      N-200 


False  Alarms 


0% 


36%       30% 


True  Hypoxemias  Missed      0%         1 6%        1  % 

Source:  Barker  SJ.  Shah  NK.  The  Effects  of  Motion  on  the  Performance  of  Pulse  Oximeters 
in  Volunteers.  Anesthesiology  f997;86(f):f0f -108. 


low    perfusion    study 

SpO,  System  v/MOll     N-3000      N-200 


Drop  Out  Rate 


0.8%     9.9%      17.8% 


True  Hypoxemias  Missed    0%       33.3%    33.3% 

Source:  Barker  SJ.  Novak  S.  Morgan  S.  The  Performance  of  Three  Pulse  Oximeters  During 
Low  Perfusion  in  Volunteers.  Anesthesiology  1997;87(3A):A409. 


The  facts  about  Masimo  SET  pulse  oximetry: 

The  only  pulse  oximetry  technology  clinically 
proven  accurate  during  motion  and  low  perfusion 

Virtually  eliminates  false  alarms 

More  reliable  in  detecting  true  alarms 

Continuous  monitoring  (no  freezing) 

Over  the  past  two  years,  approximately  one-third  of  the 
world's  pulse  oximetry  suppliers  have  adopted  Masimo  SET 
as  their  pulse  oximetry  solution.  Now,  more  than  twenty 
patient  monitors  are  available  from  leading  patient 
monitoring  companies  with  Masimo  SET  pulse  oximetry. 


Prior  to  the  introduction  of  Masimo  SET,  conventional 
pulse  oximeters  could  only  be  relied  upon  for  accurate 
measurement  during  ideal  conditions.  Masimo  SET  reliably 
and  continuously  tracks  changes  in  saturation  and  pulse  rate, 
giving  you  accurate  monitoring  when  you  need  it  most,  even 
when  your  patients  are  moving  or  have  low  perfusion. 

Prove  it  to  yourself  —  take  Masimo  SET  pulse  oximetry 
to  your  toughest  patients  and  perform  a  confirming 
CO-Oximeter  ABG.  If  the  Masimo  SET  pulse  oximeter 
measurement  is  further  from  the  CO-Oximeter 
measurement  than  any  other  non-Masimo  SET  pulse 
oximeter,  we  will  reimburse  the  cost  of  your  test.* 


for  more  information  on  Masimo  SET  pulse  oximetry  or  to  schedule  a  free  trial  evaluation,  contact 


■877-4-masimo  •  www.masimi 

Circle  106  on  reader  service  card 


us  by  phone  or  internet 

com 
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Instruments  and  sensors  containing  Masimo  SET  technology  are  identified  with  the  Masimo  SET  logo. 
Look  for  the  Masimo  SET  designation  to  ensure  accurate  pulse  oximetry  when  needed  most. 

*  CO-Oximeter  test  must  be  performed  on  a  calibrated  CO-Oximeter  with  four  or  more  wavelengths  (e.g.,  1L  482  or  Radiometer  OSM3).  Certain  other  rules  and  restrictions  apply.  Contact  Masimo  for  more  details. 
O  1999  Masimo  Corporation.  Masimo,  SET  and  S  are  federally  registered  trademarks  of  Masimo  Corporation.  N-'JOOO,  OXISMART  and  N-200  are  trademarks  of  Nellcor  Puritan  Bennett. 
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Laryngeal  Granuloma  Caused  By  Short-Term  Endotracheal  Intubation — Kaneda  N,  Goto 
R,  Ishijima  S,  Kawakami  S,  Park  K,  Shima  Y.  Anesthesiology  1999  May;90(5):  1482-1483. 
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Significant  Tracheal  Obstruction  Causing 
Eailure  to  Wean  in  Patients  Requiring  Pro- 
longed Mechanical  Ventilation:  A  Forgotten 
Complication  of  Long-Term  Mechanical 
Ventilation— Rumbak  MJ,  Walsh  FW,  Ander- 
son WM,  Rolfe  MW,  Solomon  DA.  Chest  1999 
Apr;  1 1 5(4):  1 092- 1 095. 

INTRODUCTION:  Modern  low-pressure,  high- 
volume  cuffed  tracheotomy  tubes  have  been 
shown  to  decrease  tracheal  injury.  However, 
injury  still  occurs  in  patients  requiring  prolonged 
mechanical  ventilation  and  prevents  weaning, 
delays  decannulation,  prolongs  hospitalization, 
and  may  totally  obstruct  the  airway.  We  de- 
scribe 37  patients,  including  the  first  reported 
case  of  failure  to  wean  due  to  tracheal  obstruc- 
tion. METHODS:  Over  a  3-year  period,  from 
September  1994  to  August  1997,  the  hospital 
records  of  37  patients  requiring  prolonged  me- 


chanical ventilation  (>  4  weeks)  and  found  to 
have  tracheal  obstruction  were  reviewed  retro- 
spectively. They  were  a  subgroup  of  756  pa- 
tients admitted  to  hospitals  during  the  same  pe- 
riod. The  average  endotracheal/tracheostomy 
cannulation  time  was  3  weeks/12  weeks  (range 
2  to  4  weeks/8  to  14  weeks).  Average  age  was 
76  years  (range,  34  to  81).  Underlying  diseases 
included  COPD,  postcoronary  artery  bypass 
graft  surgery,  postpneumonectomy,  severe 
pneumonia,  acute  lung  injury,  and  ischemic 
heart  disease.  RESULTS:  All  37  patients  who 
initially  failed  to  wean  had  difficulty  in  breath- 
ing and  developed  intermittent  high  peak  air- 
way pressures  either  early  or  during  the  wean- 
ing process  or  just  on  being  ventilated.  The 
insertion  of  a  longer  tracheal  tube  bypassed  the 
obstruction,  reestablished  the  airway,  decreased 
peak  airway  pressures,  and  allowed  the  patient 
to  breathe  more  easily.  The  obstruction  was  con- 


firmed on  bronchoscopy.  Treatment  consisted 
of  either  placement  of  a  longer  tracheal  tube 
(34  of  37  patients)  or  placement  of  a  tracheal 
stent.  All  but  two  of  the  patients  (5.4%)  were 
able  to  be  weaned  within  a  week.  The  two  pa- 
tients who  still  failed  to  be  weaned  were  sub- 
sequently diagnosed  as  having  amyotrophic  lat- 
eral sclerosis.  CONCLUSION:  Tracheal 
obstruction  in  patients  requiring  prolonged  me- 
chanical ventilation  prevented  weaning.  Rees- 
tablishment  of  the  airway  with  a  longer  tracheal 
tube  or  tracheal  stent  allowed  most  of  the  pa- 
tients to  be  weaned. 


The  Unidirectional  Valve  Is  the  Best  Method 
to  Determine  Maximal  Inspiratory  Pressure 
During  Weaning — Caruso  P,  Friedrich  C,  De- 
nari  SD,  Ruiz  SA,  Deheinzelin  D.  Chest  1999 
Apr;115(4):1096-110l. 
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Abstracts 


OBJECTIVES:  Although  maximal  inspiratory 
pressure  (MIP)  is  used  as  an  index  of  inspira- 
tory muscular  strength,  there  is  no  consensus 
on  how  to  measure  it.  We  compared,  during 
weaning  from  mechanical  ventilation,  two  meth- 
ods of  measurement  to  determine  which  shows 
the  greater  values  (MlPbest)  and  is  more  repro- 
ducible. One  method  measured  MIP  when  neg- 
ative pressure  was  maintained  for  at  least  I  s 
after  a  forceful  expiration,  and  the  other  method 
measured  MIP  with  a  unidirectional  expiratory 
valve  (MlPuni).  DESIGN:  The  study  had  a 
crossover  design,  and  patients  randomly  per- 
formed three  measurements  of  each  method  (t  I ). 
The  procedure  was  repeated  by  the  same  ob- 
server after  20  min  (t2).  The  maximal  value  in 
each  method  was  considered.  SETTING:  ICU, 
Hospital  A.C.  Camargo,  Sao  Paulo,  Brazil.  PA- 
TIENTS: Fifty-four  consecutive  patients  under- 
going short-term  mechanical  ventilation  who  be- 
came eligible  for  the  study  when  their  physicians 
decided  to  restore  spontaneous  breathing.  RE- 
SULTS: MlPbest  values  were  arrived  at  using 
MlPuni  75%  of  the  time  either  in  tl  or  t2.  MlPuni 
yielded  a  higher  average  of  MlPbest  values  in 
tl  and  t2  (p  <  0.0001).  The  effort-to-effort  co- 
efficient of  variation  of  one  method  compared 
with  the  other  during  1 1  and  t2  was  similar  (p  > 
0.2  for  tl;  p  >  0.8  for  t2).  Also,  when  compar- 
ing tl  and  t2,  the  coefficients  of  variation  were 
similar  for  each  method  (p  >  0.62).  CONCLU- 
SIONS: Because  MlPuni  displayed  the  maxi- 
mal values,  it  is  the  best  method  for  estimating 
MIP  in  patients  undergoing  short-term  mechan- 
ical ventilation.  The  reproducibility  of  consec- 
utive measurements  was  similar  between  the 
methods,  even  after  a  short  period  of  time. 

Evaluation  of  Electrical  Impedance  Tomog- 
raphy in  the  Measurement  of  PEEP-Induced 
Changes  in  Lung  Volume — Kunst  PW,  de 
Vries  PM,  Postmus  PE,  Bakker  J.  Chest  1999 
Apr;  1 1 5(4):  1 1 02- 1 1 06. 

STUDY  OBJECTIVES:  A  new  noninvasive 
practical  technique  called  electrical  impedance 
tomography  (EIT)  was  examined  for  the  mea- 
surement of  alveolar  recruitment.  DESIGN:  Pro- 
spective clinical  study.  SETTING:  ICU  of  a 
general  hospital.  PATIENTS:  Acute  respiratory 
failure  (ARF)  patients.  MEASUREMENTS: 
The  ventilation-induced  impedance  changes 
(VICs)  of  the  nondependent  and  the  dependent 
part  of  the  lung  were  determined  by  EIT  as  a 
measure  of  tidal  volume  distribution.  By  the 
use  of  an  impedance  ratio  (IR),  defined  as  the 
VIC  of  the  nondependent  part  of  the  lung  di- 
vided by  the  VIC  of  the  dependent  part  of  the 
lung,  the  ventilation  performances  in  both  parts 
of  the  lung  were  compared  to  each  other.  RE- 
SULTS: Between  patients,  the  VIC  of  the  non- 
dependent  part  of  the  lung  was  significantly 
lower  in  the  patients  with  a  level  of  positive 
end-expiratory  pressure  (PEEP)  of  >  10  cm 
H,0  than  in  patients  with  a  PEEP  of  <  5  cm 


H,0  (p  <  0.05).  A  significantly  lower  IR  (-/+ 
SD)  was  found  in  the  group  with  PEEP  of  >  10 
cm  H20  than  in  the  group  with  PEEP  between 
0  and  5  cm  H,0  (1.28 ±0.58  vs  2.99±1.24, 
respectively;  p  <  0.01).  In  individual  patients, 
the  VIC  of  the  whole  lung  increased  when  the 
PEEP  level  was  increased.  The  VICs  of  the 
nondependent  part  of  the  lung  and  of  the  de- 
pendent part  of  the  lung  showed  significant  in- 
creases at  a  PEEP  of  1 0  cm  H20  compared  to  a 
PEEP  of  0  cm  H20  (p  <  0.05).  Also  the  IR 
decreased  in  individual  patients  when  the  PEEP 
was  increased;  a  significant  decrease  was  found 
at  1 0  cm  H20  compared  to  0  cm  H20  ( 1 .67  ±  1 .24 
vs  2.23+1.47,  respectively;  p  <  0.05).  CON- 
CLUSIONS: The  decrease  in  IR  indicates  an 
increase  in  VIC  in  the  dependent  part  of  the 
lung  above  the  nondependent  part  of  the  lung. 
The  increase  in  VIC  can  be  regarded  as  an  in- 
crease in  lung  volume,  implying  alveolar  re- 
cruitment in  the  dependent  part  of  the  lung.  The 
same  results  also  have  been  shown  in  earlier 
reports  by  CT  scan.  Since  EIT  is  far  more  prac- 
tical than  CT  scanning  and  also  is  a  bedside 
method,  EIT  might  help  in  the  adjustment  of 
ventilator  settings  in  ARF  patients. 


The  Potential  for  Dissemination  of  Mycobac- 
terium Tuberculosis  Through  the  Anesthesia 
Breathing  Circuit — Langevin  PB,  Rand  KH, 
Layon  AJ.  Chest  1999  Apr;l  1 5(4):  1 107-1 1 14. 

BACKGROUND:  Respiratory  pathogens  that 
pass  through  the  anesthesia  breathing  system 
potentially  can  infect  other  patients.  This  study 
was  designed  to  determine  if  bacteria  can  pass 
through  contemporary  anesthesia  breathing  sys- 
tems and  if  the  environment  within  the  machine 
is  hostile  to  these  organisms.  METHODS: 
Staphylococcus  aureus,  Pseudomonas  aerugi- 
nosa, and  Mycobacterium  tuberculosis  were 
nebulized  into  the  expiratory  limb  of  an  anes- 
thesia breathing  circuit  and  collected  from  the 
inspiratory  and  expiratory  limbs  in  an  impinger 
system  that  provided  a  quantitative  determina- 
tion of  the  number  of  organisms  entering  the 
circuit  and  the  number  that  would  reach  the 
patient  in  the  inspiratory  gas.  Bacteria  were  col- 
lected before,  during,  and  after  nebulization.  A 
second  experiment  determined  if  a  saturated  so- 
lution of  soda  lime  was  bactericidal.  RESULTS: 
When  the  gas  flow  through  the  circuit  was  in- 
terrupted for  <  I  h  following  the  nebulization 
period,  large  numbers  of  microorganisms  (1  x 
10'  to  1  x  10\  around  100%  of  the  nebulized 
organisms)  were  collected  from  the  inspiratory 
gas.  Soda  lime  itself  was  not  bactericidal  for 
any  of  the  organisms  tested,  but  solutions  of 
this  material  with  a  pH  of  12  were  bactericidal. 
CONCLUSION:  Cross  contamination  between 
patients  may  occur  unless  the  gas  flow  through 
the  anesthesia  breathing  system  is  interrupted 
for  >  1  h. 


The  Upper  Airway  Resistance  Syndrome  (re- 
view)—Exar  EN,  Collop  NA.  Chest  1999  Apr; 
115(4):1 127-1 139. 

The  upper  airway  resistance  syndrome  (UARS) 
is  a  recently  described  form  of  sleep-disordered 
breathing  in  which  repetitive  increases  in  resis- 
tance to  airflow  within  the  upper  airway  lead  to 
brief  arousals  and  daytime  somnolence.  This 
review  will  first  describe  the  chronological  pro- 
gression of  our  understanding  of  UARS  within 
the  broader  context  of  sleep-disordered  breath- 
ing. The  primary  symptom,  daytime  somno- 
lence, appears  to  result  directly  from  repetitive 
EEG  arousals.  The  level  of  negative  intratho- 
racic pressure  is  the  most  likely  stimulus  for 
arousal,  possibly  mediated  by  mechanorecep- 
tors  in  the  upper  airway.  A  general  consensus 
regarding  the  exact  clinical  definitions  and  the 
physiologic  measurement  techniques  leading  to 
a  diagnosis  does  not  exist,  although  esophageal 
manometry  and  pneumotachographs  airflow 
measurements  taken  during  polysomnography 
are  the  "gold  standard."  Less  invasive  diagnos- 
tic modalities  have  been  proposed,  but  none  of 
them  have  been  well-validated.  Aside  from  day- 
time somnolence,  hypertension  is  an  important 
sequela  of  this  disorder,  likely  resulting  from 
autonomic  and  cardiovascular  changes  induced 
by  increased  negative  intrathoracic  pressure.  Na- 
sal continuous  positive  airway  pressure  is  the 
most  efficacious  form  of  therapy,  although  low 
patient  compliance  may  limit  its  practical  ap- 
plication. The  safety  and  efficacy  of  surgical 
treatments  are  poorly  documented  in  the  liter- 
ature. Palatal  tissue  reduction  by  radiofrequency 
ablation  and  the  use  of  oral  appliances  hold 
promise  as  safe  and  effective  modalities,  but 
these  treatments  require  further  study. 

Effects  of  Writing  About  Stressful  Experi- 
ences on  Symptom  Reduction  in  Patients  with 
Asthma  or  Rheumatoid  Arthritis:  A  Ran- 
domized Trial — Smyth  JM.  Stone  AA,  Hure- 
witz  A,  Kaell  A.  JAMA  1999  Apr  14;281(14): 
1304-1309. 

CONTEXT:  Nonpharmacological  treatments 
with  little  patient  cost  or  risk  are  useful  supple- 
ments to  pharmacotherapy  in  the  treatment  of 
patients  with  chronic  illness.  Research  has  dem- 
onstrated that  writing  about  emotionally  trau- 
matic experiences  has  a  surprisingly  beneficial 
effect  on  symptom  reports,  well-being,  and 
health  care  use  in  healthy  individuals.  OBJEC- 
TIVE: To  determine  if  writing  about  stressful 
life  experiences  affects  disease  status  in  patients 
with  asthma  or  rheumatoid  arthritis  using  stan- 
dardized quantitative  outcome  measures.  DE- 
SIGN: Randomized  controlled  trial  conducted 
between  October  1996  and  December  1997. 
SETTING:  Outpatient  community  residents 
drawn  from  private  and  institutional  practice. 
PATIENTS:  Volunteer  sample  of  1 12  patients 
with  asthma  (n  =  61)  or  rheumatoid  arthritis 
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(n  =  51)  received  the  intervention;  107  com- 
pleted the  study.  58  in  the  asthma  group  and  49 
in  the  rheumatoid  arthritis  group.  INTERVEN- 
TION: Patients  were  assigned  to  write  either 
about  the  most  stressful  event  of  their  lives  (n  = 
7 1 ;  39  asthma,  32  rheumatoid  arthritis)  or  about 
emotionally  neutral  topics  (n  =  41;  22  asthma. 
19  rheumatoid  arthritis)  (the  control  interven- 
tion). MAIN  OUTCOME  MEASURES:  Asthma 
patients  were  evaluated  with  spirometry  and 
rheumatoid  arthritis  patients  were  clinically  ex- 
amined by  a  rheumatologist.  Assessments  were 
conducted  at  baseline  and  at  2  weeks  and  2 
months  and  4  months  after  writing  and  were 
done  blind  to  experimental  condition.  RE- 
SULTS: Of  evaluable  patients  4  months  after 
treatment,  asthma  patients  in  the  experimental 
group  showed  improvements  in  lung  function 
(the  mean  percentage  of  predicted  forced  expi- 
ratory volume  in  1  second  [FEV,]  improved 
from  63.9%  at  baseline  to  76.3%  at  the  4-month 
follow-up;  p  <  0.001),  whereas  control  group 
patients  showed  no  change.  Rheumatoid  arthri- 
tis patients  in  the  experimental  group  showed 
improvements  in  overall  disease  activity  (a  mean 
reduction  in  disease  severity  from  1.65  to  1.19 
[28%]  on  a  scale  of  0  [asymptomatic]  to  4  [very 
severe]  at  the  4-month  follow-up;  p  =  0.001), 
whereas  control  group  patients  did  not  change. 
Combining  all  completing  patients,  33  (47.1%) 
of  70  experimental  patients  had  clinically  rele- 
vant improvement,  whereas  9  (24.3%)  of  37 
control  patients  had  improvement  (P=.001). 
CONCLUSION:  Patients  with  mild  to  moder- 
ately severe  asthma  or  rheumatoid  arthritis  who 
wrote  about  stressful  life  experiences  had  clin- 
ically relevant  changes  in  health  status  at  4 
months  compared  with  those  in  the  control 
group.  These  gains  were  beyond  those  attribut- 
able to  the  standard  medical  care  that  all  par- 
ticipants were  receiving.  It  remains  unknown 
whether  these  health  improvements  will  persist 
beyond  4  months  or  whether  this  exercise  will 
prove  effective  with  other  diseases.  See  the  re- 
luted  editorial:  Spiegel  D.  Healing  Words: 
Emotional  Expression  and  Disease  Outcome. 
JAMA  1999  Apr  14;281(14):1328-1329. 

The  Association  Between  Hospital  Volume 
and  Survival  After  Acute  Myocardial  Infarc- 
tion in  Elderly  Patients — Thiemann  DR, 
Coresh  J,  Oetgen  WJ,  Powe  NR.  N  Engl  J  Med 
1999  May  27;340(21):1640-1648. 

BACKGROUND:  Patients  with  chest  pain 
thought  to  be  due  to  acute  coronary  ischemia 
are  typically  taken  by  ambulance  to  the  nearest 
hospital.  The  potential  benefit  of  field  triage 
directly  to  a  hospital  that  treats  a  large  number 
of  patients  with  myocardial  infarction  is  un- 
known. METHODS:  We  conducted  a  retrospec- 
tive cohort  study  of  the  relation  between  the 
number  of  Medicare  patients  with  myocardial 
infarction  that  each  hospital  in  the  study  treated 
(hospital  volume)  and  long-term  survival  among 
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98,898  Medicare  patients  65  years  of  age  or 
older.  We  used  proportional-hazards  methods 
to  adjust  for  clinical,  demographic,  and  health- 
system-related  variables,  including  the  avail- 
ability of  invasive  procedures,  the  specialty  of 
the  attending  physician,  and  the  area  of  resi- 
dence of  the  patient  (rural,  urban,  or  metropol- 
itan). RESULTS:  The  patients  in  the  quartile 
admitted  to  hospitals  with  the  lowest  volume 
were  1 7  percent  more  likely  to  die  within  30 
days  after  admission  than  patients  in  the  quar- 
tile admitted  to  hospitals  with  the  highest  vol- 
ume (hazard  ratio.  1. 17;  95  percent  confidence 
interval,  1 .09  to  1 .26;  p<0.00 1 ),  which  resulted 
in  2.3  more  deaths  per  100  patients.  The  crude 
mortality  rate  at  one  year  was  29.8  percent 
among  the  patients  admitted  to  the  lowest-vol- 
ume hospitals,  as  compared  with  27.0  percent 
among  those  admitted  to  the  highest-volume 
hospitals.  There  was  a  continuous  inverse  dose- 
response  relation  between  hospital  volume  and 
the  risk  of  death.  In  an  analysis  of  subgroups 
defined  according  to  age,  history  of  cardiac  dis- 
ease, Killip  class  of  infarction,  presence  or  ab- 
sence of  contraindications  to  thrombolytic  ther- 
apy, and  time  from  the  onset  of  symptoms, 
survival  at  high-volume  hospitals  was  consis- 
tently better  than  at  low-volume  hospitals.  The 
availability  of  technology  for  angioplasty  and 
bypass  surgery  was  not  independently  associ- 
ated with  overall  mortality.  CONCLUSIONS: 


Patients  with  acute  myocardial  infarction  who 
are  admitted  directly  to  hospitals  that  have  more 
experience  treating  myocardial  infarction,  as  re- 
flected by  their  case  volume,  are  more  likely  to 
survive  than  are  patients  admitted  to  low-vol- 
ume hospitals.  See  the  related  editorial:  Han- 
nan  EL.  The  Relation  Between  Volume  and 
Outcome  in  Health  Care.  N  Engl  J  Med  1999 
May  27;340(21):1677-1679. 


Are  Guidelines  Following  Guidelines?  The 
Methodological  Quality  of  Clinical  Practice 
Guidelines  in  the  Peer-Reviewed  Medical  Lit- 
erature— Shaneyfelt  TM,  Mayo-Smith  MF, 
Rothwangl  J.  JAMA  1999  May  26;281(20): 
1900-1905. 

CONTEXT:  Practice  guidelines  play  an  impor- 
tant role  in  medicine.  Methodological  princi- 
ples have  been  formulated  to  guide  their  devel- 
opment. OBJECTIVE:  To  determine  whether 
practice  guidelines  in  peer-reviewed  medical  lit- 
erature adhered  to  established  methodological 
standards  for  practice  guidelines.  DESIGN: 
Structured  review  of  guidelines  published  from 
1985  through  June  1997  identified  by  a  MED- 
LINE search.  MAIN  OUTCOME  MEASURES: 
Mean  number  of  standards  met  based  on  a  25- 
item  instrument  and  frequency  of  adherence. 
RESULTS:  We  evaluated  279  guidelines,  pub- 
lished from  1985  through  June  1997,  produced 
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by  69  different  developers.  Mean  overall  adher- 
ence to  standards  by  each  guideline  was  43. 1  % 
(10.77/25).  Mean  (SD)  adherence  to  method- 
ological standards  on  guideline  development  and 
format  was  51.1%  (25.3%);  on  identification 
and  summary  of  evidence,  33.6%  (29.9%);  and 
on  the  formulation  of  recommendations,  46% 
(45%).  Mean  adherence  to  standards  by  each 
guideline  improved  from  36.9%  (9.2/25)  in  1 985 
to  50.4%  (12.6/25)  in  1997  (p<  0.001).  How- 
ever, there  was  little  improvement  over  time  in 
adherence  to  standards  on  identification  and 
summary  of  evidence  from  34.6%  prior  to  1990 
to  36.1%  after  1995  (p  =  0.1 1).  There  was  no 
difference  in  the  mean  number  of  standards  sat- 
isfied by  guidelines  produced  by  subspecialty 
medical  societies,  general  medical  societies,  or 
government  agencies  (p  =  0.55).  Guideline 
length  was  positively  correlated  with  adherence 
to  methodological  standards  (p  =  0.001 ).  CON- 
CLUSION: Guidelines  published  in  the  peer- 
reviewed  medical  literature  during  the  past  de- 
cade do  not  adhere  well  to  established 
methodological  standards.  While  all  areas  of 
guideline  development  need  improvement, 
greatest  improvement  is  needed  in  the  identifi- 
cation, evaluation,  and  synthesis  of  the  scien- 
tific evidence. 

Tourism  and  Hotel  Revenues  Before  and  Af- 
ter Passage  of  Smoke-Free  Restaurant  Ordi- 
nances— Glantz  SA,  Charlesworth  A.  JAMA 
1999  May  26;28l(20):19l  1-1918. 

CONTEXT:  Claims  that  ordinances  requiring 
smoke-free  restaurants  will  adversely  affect 
tourism  have  been  used  to  argue  against  pass- 
ing such  ordinances.  Data  exist  regarding  the 
validity  of  these  claims.  OBJECTIVE:  To  de- 
termine the  changes  in  hotel  revenues  and  in- 
ternational tourism  after  passage  of  smoke-free 
restaurant  ordinances  in  locales  where  the  ef- 
fect has  been  debated.  DESIGN:  Comparison 
of  hotel  revenues  and  tourism  rates  before  and 
after  passage  of  100%  smoke-free  restaurant 
ordinances  and  comparison  with  US  hotel  rev- 
enue overall.  SETTING:  Three  states  (Califor- 
nia, Utah,  and  Vermont)  and  6  cities  (Boulder, 
Colo;  Flagstaff,  Ariz;  Los  Angeles,  Calif;  Mesa, 
Ariz;  New  York,  NY;  and  San  Francisco,  Calif) 
in  which  the  effect  on  tourism  of  smoke-free 
restaurant  ordinances  had  been  debated.  MAIN 
OUTCOME  MEASURES:  Hotel  room  revenues 
and  hotel  revenues  as  a  fraction  of  total  retail 
sales  compared  with  preordinance  revenues  and 
overall  US  revenues.  RESULTS:  In  constant 
1997  dollars,  passage  of  the  smoke-free  restau- 
rant ordinance  was  associated  with  a  statisti- 
cally significant  increase  in  the  rate  of  change 
of  hotel  revenues  in  4  localities,  no  significant 
change  in  4  localities,  and  a  significant  slowing 
in  the  rate  of  increase  (but  not  a  decrease)  in  1 
locality.  There  was  no  significant  change  in  the 
rate  of  change  of  hotel  revenues  as  a  fraction  of 
total  retail  sales  (p=0. 16)  or  total  US  hotel  rev- 


enues associated  with  the  ordinances  when 
pooled  across  all  localities  (p  =  0.93).  Interna- 
tional tourism  was  either  unaffected  or  increased 
following  implementation  of  the  smoke-free  or- 
dinances. CONCLUSION:  Smoke-free  ordi- 
nances do  not  appear  to  adversely  affect,  and 
may  increase,  tourist  business. 


Neurohormonal  Responses  During  Positive 
Pressure  Mechanical  Ventilation — Frazier 
SK.  Heart  Lung  1999  May-Jun;28(3):l49-165. 

Positive  pressure  mechanical  ventilation  is  used 
daily  in  critical  care  units  to  support  ventilation 
and  improve  oxygenation  in  critically  ill  pa- 
tients. One  adverse  response  to  positive  pres- 
sure mechanical  ventilation  is  a  reduction  in 
urinary  output  and  sodium  and  water  retention. 
This  consequence  is  attributed  to  complex  neu- 
rohormonal responses  intended  to  maintain  he- 
modynamic homeostasis.  This  article  reviews 
the  physiologic  nature  of  these  responses  and 
research  findings  related  to  these  responses  and 
provides  clinicians  with  information  about  the 
importance  of  these  responses,  particularly  in 
patients  with  underlying  cardiac  dysfunction. 


An  Evaluation  of  Facial  Expression  Displayed 
by  Patients  with  Chest  Pain — Dalton  JA, 
Brown  L,  Carlson  J,  McNutt  R,  Greer  SM.  Heart 
Lung  1999  May-Jun;28(3):  168-174. 

OBJECTIVE:  To  determine  whether  patterns 
of  facial  expressions  of  patients  complaining  of 
chest  pain  can  aid  in  the  diagnosis  of  myocar- 
dial infarctions.  DESIGN:  Exploratory.  SET- 
TING: Southeastern  university  medical  center 
emergency  department  (ED).  PATIENTS: 
Twenty-eight  patients  in  the  ED  who  presented 
with  chest  pain.  Age  range  was  40  to  84  years, 
with  a  mean  of  65.4  years.OUTCOME  MEA- 
SURES: Common  patterns  of  facial  expressions 
among  patients  diagnosed  with  myocardial  in- 
farction. INTERVENTION:  On  admission  to 
the  ED,  patients  were  videotaped  during  phys- 
ical examination.  Videotapes  were  reviewed  to 
code  the  facial  action  units  exhibited  by  the 
patients.  The  presence  or  absence  of  creatine 
kinase  (CK)  enzymes  was  determined;  these  re- 
sults were  blinded  to  the  coders  until  after  all 
facial  actions  were  coded.  RESULTS:  With  use 
of  the  Facial  Action  Coding  System,  4  facial 
expressions  were  found  to  be  associated  with 
true  myocardial  infarction:  lowering  the  brow, 
pressing  the  lips,  parting  the  lips,  and  turning 
the  head  left.  CONCLUSION:  Additional  re- 
search with  a  larger  sample  of  patients  present- 
ing with  chest  pain  is  needed  to  validate  the 
findings  of  this  study.  However,  if  these  find- 
ings are  supported,  instruction  regarding  assess- 
ment of  specific  facial  expressions  in  clinical 
settings  may  be  warranted. 


Patients'  and  Family  Members'  Perceptions 
of  Transfer  from  Intensive  Care — Leith  BA. 
Heart  Lung  1999  May-Jun;28(3):2IO-218. 

OBJECTIVE:  To  describe  patients'  and  family 
members'  perceptions  of  transfer  from  an  in- 
tensive care  unit  (ICU).  DESIGN:  Qualitative 
component  of  a  descriptive,  cross-sectional  sur- 
vey. SETTING:  Two  university-affiliated  ter- 
tiary care  centres  in  western  Canada.  PARTIC- 
IPANTS: Fifty-three  patients  and  35  family 
members  who  had  been  transferred  from  a  med- 
ical ICU  within  the  previous  48  hours.  MEA- 
SURES: Content  analysis  of  responses  to  3  open- 
ended  questions  relating  to  transfer  from  the 
ICU.  RESULTS:  Patients  and  family  members 
had  3  major  responses  of  transfer  from  the  ICU: 
positive,  neutral  or  ambivalent,  and  negative. 
Although  some  patients  and  family  members 
perceived  the  transfer  from  the  ICU  as  a  sign  of 
progress,  many  individuals  expressed  concern 
about  the  sudden  and  dramatic  change  in  the 
level  of  care  after  transfer.  CONCLUSION:  Pa- 
tients and  family  members  perceived  the  trans- 
fer from  the  ICU  as  a  significant  and  sometimes 
negative  event. 

Difficult  Patient  Encounters  in  the  Ambula- 
tory Clinic:  Clinical  Predictors  and  Out- 
comes— Jackson  JL,  Kroenke  K.  Arch  Intern 
Med  1999  May  24;159(10):1069-1075. 

BACKGROUND:  One  sixth  of  patient  encoun- 
ters are  perceived  as  difficult  by  clinicians.  Our 
goal  was  to  assess  clinical  predictors  and  out- 
comes from  such  encounters.  METHODS:  Five 
hundred  adults  presenting  to  a  primary  care 
walk-in  clinic  with  a  physical  symptom  com- 
pleted surveys  before  the  visit,  immediately  af- 
ter the  visit,  at  2  weeks,  and  at  3  months.  Pa- 
tient measurements  included  mental  disorders 
(PRIME-MD),  functional  status  (Medical  Out- 
comes Study  Short-Form  Health  Survey  |SF- 
6]),  satisfaction  (RAND  9-item  survey),  symp- 
tom resolution,  visit  costs,  previsit  and  residual 
expectations  of  care,  and  health  services  utili- 
zation. Measurements  from  the  38  participating 
clinicians  included  the  Physician's  Belief  Scale 
and  physician  perception  of  encounter  difficulty 
(Difficult  Doctor-Patient  Relationship  Ques- 
tionnaire). RESULTS:  Seventy-four  patient  en- 
counters (15%)  were  rated  as  difficult.  Patients 
in  such  encounters  were  more  likely  to  have  a 
mental  disorder  (odds  ratio,  2.4;  95%  confi- 
dence interval,  1.3-4.4),  more  than  5  somatic- 
symptoms  (odds  ratio,  1 .4;  95%  confidence  in- 
terval, 1.1-1.8),  and  more  severe  symptoms 
(odds  ratio,  1 .6;  95%  confidence  interval,  1 .04- 
2.3).  Difficult-encounter  patients  had  poorer 
functional  status,  more  unmet  expectations  (p  = 
0.005),  less  satisfaction  with  care  (p  =  0.03), 
and  higher  use  of  health  services  (p  <  0.001 ). 
Clinicians  with  poorer  psychosocial  attitudes  as 
reflected  by  higher  scores  on  the  Physician's 
Belief  Scale  experienced  more  encounters  as 
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being  difficult  (23%  vs  8%;  p<  0.001).  CON- 
CLUSIONS: Patients  presenting  with  physical 
symptoms  who  are  perceived  as  difficult  are 
more  likely  to  have  a  depressive  or  anxiety  dis- 
order, poorer  functional  status,  unmet  expecta- 
tions, reduced  satisfaction,  and  greater  use  of 
health  care  services.  Physicians  with  poorer  psy- 
chosocial attitudes  are  more  likely  to  experi- 
ence encounters  as  difficult. 

Diagnosing  Pneumonia  by  Physical  Exami- 
nation: Relevant  or  Relic? — Wipf  JE,  Lipsky 
BA,  Hirschmann  JV,  Boyko  EJ,  Takasugi  J, 
Peugeot  RL,  Davis  CL.  Arch  Intern  Med  1999 
May  24;  1 59(10):  1 082- 1 087. 

BACKGROUND:  The  reliability  of  chest  phys- 
ical examination  and  the  degree  of  agreement 
among  examiners  in  diagnosing  pneumonia 
based  on  these  findings  are  largely  unknown. 
OBJECTIVES:  To  determine  the  accuracy  of 
various  physical  examination  maneuvers  in  di- 
agnosing pneumonia  and  to  compare  the  inter- 
observer  reliability  of  the  maneuvers  among  3 
examiners.  METHODS:  Fifty-two  male  patients 
presenting  to  the  emergency  department  of  a 
university-affiliated  Veterans  Affairs  medical 
center  with  symptoms  of  lower  respiratory  tract 
infection  (cough  and  change  in  sputum)  were 
prospectively  examined.  A  comprehensive  lung 
physical  examination  was  performed  sequen- 
tially by  3  physicians  who  were  blind  to  clinical 
history,  laboratory  findings,  and  x-ray  results. 
Examination  findings  by  lung  site  and  whether 
the  examiner  diagnosed  pneumonia  were  re- 
corded on  a  standard  form.  Chest  x-ray  films 
were  read  by  a  radiologist.  RESULTS:  Twenty- 
four  patients  had  pneumonia  confirmed  by  chest 
x-ray  films.  Twenty-eight  patients  did  not  have 
pneumonia.  Abnormal  lung  sounds  were  com- 
mon in  both  groups;  the  most  frequently  de- 
tected were  rales  in  the  upright  seated  position 
and  bronchial  breath  sounds.  Relatively  high 
agreement  among  examiners  (kappa  approxi- 
mately 0.5)  occurred  for  rales  in  the  lateral  de- 
cubitus position  and  for  wheezes.  The  3  exam- 
iners' clinical  diagnosis  of  pneumonia  had  a 
sensitivity  of  47%  to  69%  and  specificity  of 
58%  to  75%.  CONCLUSIONS:  The  degree  of 
interobserver  agreement  was  highly  variable  for 
different  physical  examination  findings.  The 
most  valuable  examination  maneuvers  in  de- 
tecting pneumonia  were  unilateral  rales  and  rales 
in  the  lateral  decubitus  position.  The  traditional 
chest  physical  examination  is  not  sufficiently 
accurate  on  its  own  to  confirm  or  exclude  the 
diagnosis  of  pneumonia. 

The  Association  Between  Occupation  and 
Asthma  in  General  Medical  Practice — Blanc 
PD,  Eisner  MD,  Israel  L,  Yelin  EH.  Chest  1999 
May;ll5(5):1259-I264. 

BACKGROUND:  In  general  practice  settings, 
the  proportion  of  adult  asthma  attributable  to 
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occupational  factors  is  not  known.  OBJEC- 
TIVE: The  goal  of  this  study  was  to  estimate 
the  proportion  of  adult  asthma  cases  that  can  be 
attributed  to  occupational  factors  initiating  new 
disease  onset  and  exacerbating  preexisting  dis- 
ease. METHODS:  We  performed  a  cross-sec- 
tional analysis  of  interview  data  for  150  adults 
with  asthma  recruited  from  a  random  sample  of 
family  practice  specialists.  We  ascertained  the 
asthma  and  work  histories  of  the  subjects  and 
estimated  the  proportion  with  likely  work-ini- 
tiated asthma  and  work-related  asthma  recru- 
descence. RESULTS:  Seventy-four  subjects 
(49%)  reported  adult-onset  asthma  while  em- 
ployed; an  additional  25  (17%)  reported  recru- 
descence of  previously  quiescent  childhood-on- 
set asthma  during  employment.  Of  those  with 
new-onset  asthma  while  employed,  15  (10%  of 
the  study  group;  95%  confidence  interval,  5  to 
15%)  were  employed  in  occupations  at  increased 
risk  of  occupational  asthma  initiation  on  the 
basis  of  an  independent  job  scoring  matrix.  Of 
those  with  asthma  recrudescence  in  adulthood, 
seven  (5%  of  the  study  group;  95%  confidence 
interval,  2  to  8%)  were  employed  in  occupa- 
tions at  increased  risk  of  exposures  aggravating 
asthma.  CONCLUSIONS:  Among  adults  with 
asthma  treated  in  general  practice  settings,  >  I 
in  10  patients  has  a  work  history  strongly  sug- 
gestive of  a  potential  relationship  between  ex- 
posure and  disease. 


Validation  of  a  Standardized  Version  of  the 
Asthma  Quality  of  Life  Questionnaire — Ju- 
niper EF,  Buist  AS,  Cox  FM,  Feme  PJ,  King 
DR.  Chest  1999  May;  1 15(5):  1265-1270. 

BACKGROUND:  In  the  original  32-item 
Asthma  Quality  of  Life  Questionnaire  (AQLQ), 
five  activity  questions  are  selected  by  patients 
themselves.  However,  for  long-term  studies  and 
large  clinical  trials,  generic  activities  may  be 
more  appropriate.  METHODS:  For  the  stan- 
dardized version  of  the  AQLQ,  the  AQLQ(S), 
we  formulated  five  generic  activities  (strenuous 
exercise,  moderate  exercise,  work-related  ac- 
tivities, social  activities,  and  sleep)  to  replace 
the  five  patient-specific  activities  in  the  AQLQ. 
In  a  9-week  observational  study,  we  compared 
the  AQLQ  with  the  AQLQ(S)  and  examined 
their  measurement  properties.  Forty  symptom- 
atic adult  asthma  patients  completed  the 
AQLQ(S),  the  AQLQ,  the  Medical  Outcomes 
Survey  Short  Form  36,  the  Asthma  Control 
Questionnaire,  and  spirometry  at  baseline,  1,  5, 
and  9  weeks.  RESULTS:  Activity  domain  scores 
(mean  ±  SD)  were  lower  with  the  AQLQ  (5.7  ± 
0.9)  than  with  the  AQLQ(S)  (5.9  ±  0.8;  p  = 
0.0003)  and  correlation  between  the  two  was 
moderate  (r  =  0.77).  However,  for  overall 
scores,  there  was  minimal  difference  (AQLQ. 
5.4  ±  0.8;  AQLQ(S),  5.5  ±  0.8;  r  =  0.99). 
Reliability  (AQLQ  intraclass  correlation  coef- 
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ficient,  0.95;  AQLQ(S)  intraclass  correlation  co- 
efficient, 0.96)  and  responsiveness  (AQLQ,  p  < 
0.0001;  AQLQ(S),  p  <  0.0001)  were  similar 
for  the  two  instruments.  Construct  validity  (cor- 
relation with  other  measures  of  health  status 
and  clinical  asthma)  was  also  similar  for  the 
two  instruments.  CONCLUSIONS:  The 
AQLQ(S)  has  strong  measurement  properties 
and  is  valid  for  measuring  health-related  qual- 
ity of  life  in  asthma.  The  choice  of  instrument 
should  depend  on  the  task  at  hand. 

Reduction  in  Ventilator  Response  to  C02  with 
Relaxation  Feedback  During  C02  Rebreath- 
ing  in  Normal  Adults — Holliday  JE,  Ver- 
emakis  C.  Chest  1999  May;l  15(5):  1285-1292. 

BACKGROUND:  Previous  studies  have  shown 
that  relaxation  biofeedback  reduced  time  on  the 
ventilator  for  the  difficult-to-wean  patients.  OB- 
JECTIVE: To  test  the  hypothesis  that  the  un- 
derlying mechanism  of  biofeedback  ventilator 
weaning  was  the  reduction  of  neural  respiratory 
drive  (NRD).  DESIGN:  Prospective,  linear  re- 
gression analysis.  SETTING:  Critical  care  med- 
icine department  in  tertiary  health  care  hospital. 
SUBJECTS:  Fifteen  healthy  adult  volunteers 
were  randomly  assigned  to  the  biofeedback 
group,  and  15  healthy  adult  volunteers  were 
randomly  assigned  to  a  control  group.  INTER- 
VENTIONS: Relaxation  feedback  was  admin- 
istered while  a  single  variable,  PaCO,-  was  in- 
putted to  the  respiratory  control  system  and  the 
output  measured.  While  rebreathing  7%  CO,/ 
93%  02,  the  biofeedback  group  received  a  base- 
line session  and  a  relaxation  feedback  session 
and  the  control  group  received  a  baseline  ses- 
sion and  a  no  feedback  session.  MEASURE- 
MENTS AND  RESULTS:  During  relaxation 
feedback,  there  was  a  significant  (p  <  0.001  to 
p  <  0.05)  reduction  in  the  slope  of  minute  ven- 
tilation (V,),  mean  inspiratory  flow  (V-r/T,),  oc- 
clusion pressure  in  0.1  s  from  onset  of  inspira- 
tion (P|,x>),  respiration  rate  (RR),  and  diaphragm 
(DA)  EMG  compared  to  baseline.  We  also  found 
the  above  breathing  parameters  decreased  sig- 
nificantly for  relaxation  feedback  (p  <  0.001- 
0.05),  compared  to  baseline,  at  maximum  end- 
tidal  C02  (64  ±  1.2  mm  Hg)  (all  data  are 
expressed  as  mean  ±  SE).  The  decrease  for  V, 
=  -4.65  ±1.17  L/min,  DA  EMG  =  -0.4  ± 
0.21  microV,  Pl00  =  -1.13  ±  0.56  cm  H20, 
Vp/T^  -144  ±82.91  mL/s,andRR=  -3.1  ± 
0.79  breaths/min.  No  significant  changes  oc- 
curred in  these  parameters  for  the  control  group. 
CONCLUSIONS:  We  conclude  that  the  addi- 
tion of  the  behavioral  input  of  relaxation  feed- 
back results  in  decreasing  the  values  of  respi- 
ratory parameters  that  reflect  NRD. 

Ventilatory  Drive  at  Rest  and  Perception  of 
Exertional  Dyspnea  in  Severe  COPD — Marin 
JM,  Monies  de  Oca  M,  Rassulo  J,  Celli  BR. 
Chest  1999  May; 1 1 5(5):  1 293-1 300. 


BACKGROUND:  The  reasons  for  exertional 
dyspnea  in  severe  COPD  are  not  well  estab- 
lished, but  they  are  not  solely  related  to  the 
mechanical  load.  We  tested  the  hypothesis  that 
breathlessness  may  be  determined,  in  part,  by 
the  response  of  an  individual's  central  output. 
METHODS:  In  26  patients  with  severe  COPD 
(FEV,  <  50%  predicted)  and  22  matched  con- 
trol subjects,  we  assessed  at  rest  the  ventilatory 
and  mouth  occlusion  pressure  (P0 ,)  response  to 
hyperoxic  progressive  hypercapnia.  At  rest  and 
during  a  symptom-limited  exercise  test,  routine 
cardiopulmonary  variables  were  measured,  and 
respiratory  muscle  function  was  evaluated  us- 
ing esophageal  and  gastric  pressure.  Dyspnea 
was  assessed  with  a  visual  analog  scale.  RE- 
SULTS: Dyspnea  with  or  without  leg  discom- 
fort limited  exercise  in  73%  of  patients.  Peak 
exercise  dyspnea  correlated  only  with  dyspnea 
at  rest  (r  =  0.5,  p  <  0.008)  and  P0 ,  response  to 
C02  (AP0  ,/A[end-tidal  PCO,]PETC02)  (r  = 
0.48,  p  =  0.02).  Multiple  regression  analysis 
including  resting  and  exercise  data  as  indepen- 
dent variables  revealed  that  47%  of  the  vari- 
ance for  dyspnea  at  peak  exercise  was  explained 
by  a  model  including  dyspnea  at  rest  and  AP„ ,/ 
APETC02.  Again,  AP0  l/APETC02  was  the  only 
predictor  for  the  change  in  dyspnea  from  rest  to 
peak  exercise  (A  Dyspnea,  r2  =  0.28,  p  =  0.005 ). 
There  was  no  correlation  between  exercise  dys- 
pnea and  any  metabolic  variable,  pulmonary 
function,  or  respiratory  muscle  function  test. 
CONCLUSION:  In  severe  COPD,  exertional 
dyspnea  is  not  simply  related  to  respiratory  mus- 
cle load  or  mechanical  impairment,  but  also  to 
an  individual's  central  motoneural  output  to  the 
respiratory  system. 

Determination  of  Hemoglobin  Saturation  in 
Patients  with  Acute  Sickle  Chest  Syndrome: 
A  Comparison  of  Arterial  Blood  Gases  and 
Pulse  Oximetry— Kress  JP,  Pohlman  AS,  Hall 
JB.  Chest  1999  May;l  1 5(5):  13 16-1320. 

STUDY  OBJECTIVES:  To  evaluate  three  dif- 
ferent methods  of  measuring  oxygen  saturation 
in  patients  suffering  from  acute  sickle  chest  syn- 
drome. DESIGN:  A  prospective,  descriptive 
study  of  9  months'  duration.  SETTING:  A  ter- 
tiary care  university  hospital.  PATIENTS:  Adult 
patients  with  acute  sickle  chest  syndrome  sched- 
uled to  undergo  RBC  exchange  transfusion.  IN- 
TERVENTIONS: None.  MEASUREMENTS: 
Baseline  hemoglobin  oxygen  saturation  was  de- 
termined simultaneously  by  (I)  calculation 
based  on  Pa0,  and  an  oxyhemoglobin  dissocia- 
tion curve  algorithm,  (2)  co-oximetry,  and  (3) 
pulse  oximetry.  These  same  measures  were  re- 
peated after  exchange  transfusion.  Baseline  and 
postexchange  hemoglobin  electrophoresis  was 
performed  in  all  patients.  RESULTS:  Baseline 
calculated  saturation  overestimated  true  satura- 
tion (determined  by  co-oximetry)  with  a  base- 
line mean  bias  (co-oximetry  minus  calculated 
saturation)  of  -6.78  ±  2.63%  (95%  confidence 


interval  for  bias:  -8.37%  to  -5.19%).  Pulse 
oximetry  was  not  different  than  co-oximetry  at 
baseline  with  a  baseline  bias  of  +  1.86  ±  3.25% 
(95%  confidence  interval:  -0.1%  to  3.82%). 
After  exchange  transfusion,  there  was  no  bias 
between  either  co-oximetry  and  calculated  sat- 
uration (mean  difference:  -0.17  ±  1.31%  [95% 
confidence  interval:  -0.95%  to  0.61%]),  or  co- 
oximetry  and  pulse  oximetry  (mean  difference: 
+  0.3  ±  1.53%  [95%  confidence  interval: 
-0.62%  to  1.22%]).  CONCLUSIONS:  Calcu- 
lated saturation  overestimates  true  saturation 
during  acute  sickle  chest  syndrome.  This  dis- 
crepancy abates  after  exchange  transfusion. 
Pulse  oximetry  more  closely  follows  co-oxim- 
etry than  does  calculated  saturation  during  acute 
sickle  chest  syndrome. 

Effect  of  Ipratropium  Bromide  Treatment 
on  Oxygen  Saturation  and  Sleep  Quality  in 
COPD— Martin  RJ,  Bartelson  BL,  Smith  P, 
Hudgel  DW,  Lewis  D,  Pohl  G,  et  al.  Chest 
1999  May;115(5):1338-1345. 

STUDY  OBJECTIVES:  Patients  with  COPD 
are  at  risk  of  experiencing  a  deterioration  in 
arterial  oxygen  saturation  (SaC),)  during  sleep, 
which  is  generally  most  pronounced  during  rapid 
eye  movement  (REM)  sleep.  Increased  cholin- 
ergic tone  has  been  suggested  as  a  contributing 
factor  to  this  decrease  in  Sat),.  Therefore,  we 
investigated  whether  4-week  treatment  with 
ipratropium  bromide  inhalation  solution  0.02% 
(qid)  could  improve  sle^p  characteristics  in 
COPD.  DESIGN:  Randomized,  placebo-con- 
trolled, double-blind,  two-arm  parallel  study  of 
4  weeks  of  treatment  with  ipratropium  bromide 
solution  or  placebo.  SETTING:  Multicenter  in- 
vestigation. PATIENTS:  Thirty-six  patients 
with  moderate-to-severe  COPD  (FEV,  <  65% 
of  predicted).  MEASUREMENTS  AND  RE- 
SULTS: Evaluation  included  polysomno- 
graphy, pulmonary  function,  and  subjective 
quality  of  sleep  (visual  analog  scale  [VAS]) 
assessments.  It  was  found  that  4  weeks  of  treat- 
ment with  ipratropium  bromide  solution  in  pa- 
tients with  COPD  led  to  the  following:  (1)  a 
significant  (p  =  0.05)  improvement  in  mean 
nocturnal  Sa(),  with  the  more  severe  the  noctur- 
nal desaturation,  the  greater  the  improvement 
in  Sa0,;  (2)  significant  (p  =  0.03)  improvement 
in  perceived  sleep  quality  (VAS:  5.5  ±  0.5  af- 
ter placebo;  7.2  ±  0.5  after  ipratropium);  (3)  a 
significant  (p  =  0.05)  increase  in  REM  sleep 
time  (48.6  ±  6.3  min  after  placebo;  66.5  ±  6.4 
min  after  ipratropium)  with  no  effect  on  other 
sleep  stages  or  total  sleep  time;  and  (4)  a  sig- 
nificant (p  =  0.01)  increase  in  pre-sleep  FVC 
and  How  rate  at  50%  of  the  vital  capacity.  CON- 
CLUSIONS: These  findings  demonstrate  that 
ipratropium  bromide  therapy  can  improve  sleep 
Su0,  as  well  as  sleep  quality  in  patients  with 
moderate-to-severe  COPD. 
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Tracheobronchial  Foreign  Bodies:  Presenta- 
tion and  Management  in  Children  and 
Adults — Baharloo  F,  Veyckemans  F,  Francis 
C,  Biettlot  MP,  Rodenstein  DO.  Chest  1999 
May;  115(5):  1 357-1362. 

STUDY  OBJECTIVES:  To  compare  the  clini- 
cal and  management  aspects  of  tracheobron- 
chial aspirated  foreign  body  (AFB)  removal  in 
children  and  adults;  to  assess  the  influence  of 
the  operator's  experience  on  the  outcome  of  the 
procedure.  DESIGN:  A  retrospective  review  of 
a  20-year  experience  (from  1 976  to  1 996).  SET- 
TING: A  900-bed  university  hospital.  PA- 
TIENTS: Eighty-four  children  up  to  8  years  old 
(the  child  group)  and  28  adult  patients  (the  adult 
group).  RESULTS:  The  peak  incidence  of  for- 
eign body  aspiration  occurred  during  the  sec- 
ond year  of  life  in  the  child  group  and  during 
the  sixth  decade  in  the  adult  group.  The  symp- 
toms at  presentation  were  similar  in  both  age 
groups,  but  the  diagnosis  was  significantly  de- 
layed in  the  adults.  The  AFBs  were  lodged  pref- 
erentially in  the  right  bronchial  tree  only  in  the 
adults;  a  central  location  was  predominant  (but 
not  at  all  exclusive)  in  the  children.  Atelectasis 
was  more  common  in  the  adults,  and  air  trap- 
ping was  more  common  in  the  children.  The 
most  frequent  procedure  was  rigid  bronchos- 
copy: when  a  flexible  bronchoscope  was  used, 
it  was  always  in  the  adult  patients.  When  the 
operator  was  less  experienced,  a  failed  first  at- 


tempt at  bronchoscopy  and  the  need  for  a  sec- 
ond procedure  were  significantly  more  frequent. 
CONCLUSIONS:  At  presentation,  the  symp- 
toms seen  with  AFBs  do  not  differ  according  to 
the  age  of  the  patient;  however,  the  delay  to 
diagnosis,  the  location  of  the  AFBs.  and  the 
radiographic  images  differ  between  child  and 
adult  populations.  The  removal  of  AFBs  in  pa- 
tients of  all  ages  can  be  performed  by  the  same 
operators.  Because  the  outcome  associated  with 
these  procedures  improves  when  the  operator  is 
experienced,  the  removal  of  AFBs  should  be 
performed  in  medical  centers  that  are  capable 
of  acquiring  and  maintaining  the  necessary  ex- 
pertise. 


Risk  Factors  for  an  Outbreak  of  Multi-Drug- 
Resistant  Acinetobacter  Nosocomial  Pneu- 
monia Among  Intubated  Patients — Husni  RN, 
Goldstein  LS,  Arroliga  AC,  Hall  GS,  Fatica  C, 
StollerJK,  Gordon  SM.  Chest  1999  May;l  15(5): 
1378-1382. 

INTRODUCTION:  Acinetobacter  baumanii  is 
a  Gram-negative  coccobacillus  that  is  normally 
a  commensal  pathogen  but  can  be  a  nosocomial 
pathogen.  An  epidemiologic  study  was  per- 
formed to  investigate  an  outbreak  of  A  bauma- 
nii that  occurred  in  our  medical  intensive  care 
unit  (MICU)  from  March  to  September  1995. 
METHODS:  A  case-control  study  was  per- 
formed by  retrospective  chart  review,  compar- 


ing case  patients  to  randomly  selected  patients 
who  were  mechanically  ventilated  in  the  MICU 
for  at  least  1  week  during  the  outbreak.  A  case 
patient  was  defined  as  any  patient  with  an  Acin- 
etobacter infection  in  which  the  epidemic  strain 
was  considered  to  be  a  pathogen.  The  epidemic 
strain  was  defined  by  its  antibiogram.  Case  pa- 
tients and  control  patients  were  compared  for 
age,  gender,  underlying  disease,  acute  physiol- 
ogy and  chronic  health  evaluation  III  score, 
length  of  MICU  stay,  prior  antibiotic  use,  pres- 
ence of  fever,  sepsis,  type  of  pulmonary  infil- 
trate, and  outcome.  Environmental  and  hand- 
washing studies  also  were  performed  during  the 
period  of  the  outbreak.  Molecular  typing  was 
performed  on  available  bloodstream  isolates. 
RESULTS:  There  were  15  cases  of  A  baumanii 
nosocomial  pneumonia.  Fifty  percent  were  bac- 
teremia one  chart  was  unavailable  for  review. 
Twenty-nine  patients  were  identified  as  control 
patients.  The  mean  age  for  case  patients  was  50 
(range,  21  to  84).  The  mean  duration  of  time 
from  admission  to  the  ICU  to  infection  was 
12.8  days  (range,  4  to  40).  Sepsis  developed  in 
35%  of  the  case  patients.  Forty-three  percent  of 
the  case  patients  died  during  their  hospitaliza- 
tion, with  two  of  those  deaths  attributed  to  Acin- 
etobacter infection.  Univariate  analysis  showed 
that  prior  use  of  ceftazidime  was  associated  with 
infection  with  Acinetobacter  (11/14  case  pa- 
tients compared  to  1 1/29  control  patients;  p  < 
0.0 1 ).  Pulsed-field  gel  electrophoresis  revealed 
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(wo  strains  to  be  responsible  for  the  outbreak. 
Hand  washing  was  performed  before  patient 
contact  by  only  10%  of  health-care  workers, 
and  only  32%  washed  their  hands  after  patient 
contact.  CONCLUSION:  The  use  of  ceftazi- 
dime was  associated  with  an  increased  risk  of 
nosocomial  pneumonia  with  resistant  strains  of 
Acinetobacter.  Health-care  workers  need  to  im- 
prove compliance  with  hand-washing  recom- 
mendations. 


Posterior  Tracheal  Wall  Perforation  During 
Percutaneous  Dilational  Tracheostomy:  An 
Investigation  into  Its  Mechanism  and  Pre- 
vention— Trottier  SJ,  Hazard  PB,  Sakabu  SA, 
Levine  JH,  Troop  BR,  Thompson  JA,  McNary 
R.  Chest  1999  May;  1 15(5):  1383-1 389. 

OBJECTIVES:  Part  I :  To  describe  the  compli- 
cation of  posterior  tracheal  wall  injury  and  per- 
foration associated  with  the  percutaneous  dila- 
tional tracheostomy  (PDT).  Part  2:  Todetermine 
the  mechanism  of  posterior  tracheal  wall  injury 
during  PDT.  DESIGN:  Prospective  observa- 
tional study.  SUBJECTS:  Part  I:  Medical-sur- 
gical ICU  patients  requiring  tracheostomy.  Part 
2:  Swine  and  cadaver  models.  INTERVEN- 
TIONS: Part  I:  Consecutive  medical-surgical 
ICU  patients  undergoing  tracheostomy  tube  in- 
sertion via  the  percutaneous  dilation  technique 
with  bronchoscopic  guidance  were  enrolled  in 
the  study.  Demographic  data  and  complications 
were  recorded.  Part  2:  Tracheostomy  tubes  were 
inserted  via  the  percutaneous  dilational  tech- 
nique in  the  swine  model  with  concomitant  bron- 
choscopic video  recording  from  the  proximal 
and  distal  airways.  Tracheostomy  tubes  were 
inserted  via  the  percutaneous  dilational  tech- 
nique in  the  cadaver  model  followed  by  ana- 
tomic inspection  of  the  airway.  RESULTS:  Part 
I :  Seven  (29%)  of  24  medical-surgical  ICU  pa- 
tients sustained  complications  associated  with 
PDT.  Three  patients  (12.5%)  sustained  poste- 
rior tracheal  wall  perforations  followed  by  the 
development  of  tension  pneumothoraces.  Part 
2:  The  swine  model  demonstrated  that  posterior 
tracheal  wall  perforation  may  occur  during  PDT 
when  the  guiding  catheter  is  withdrawn  into  the 
dilating  catheters.  Five-centimeter  posterior  tra- 
cheal wall  mucosal  lacerations  occurred  when 
the  guidewire  and  the  guiding  catheter  were  not 
properly  stabilized  during  PDT.  CONCLU- 
SION: Percutaneous  dilational  tracheostomy 
was  associated  with  a  29%  complication  rate  in 
this  observational  study.  Of  concern  was  the 
high  rate  ( 1 2.5%)  of  posterior  tracheal  wall  per- 
foration. The  swine  and  cadaver  models  sug- 
gest that  posterior  tracheal  wall  injury  or  per- 
foration may  occur  if  the  guidewire  and  guiding 
catheter  are  not  properly  stabilized.  To  avoid 
posterior  tracheal  wall  injury,  the  guidewire  and 
guiding  catheter  should  be  firmly  stabilized  dur- 
ing PDT. 


Realizing  the  Promise:  Delivering  Pulmonary 
Continuing  Medical  Education  over  the  In- 
ternet— Peterson  MW,  Galvin  JR.  Dayton  C, 
D'Alessandro  MP.  Chest  1999  May;115(5): 
1429-1436. 

STUDY  OBJECTIVES:  Continuing  medical  ed- 
ucation (CME)  is  meant  to  bridge  the  gap  be- 
tween new  scientific  observations  and  clinical 
practice.  However,  traditional  CME  has  not  been 
effective  at  altering  the  behaviors  of  physicians. 
One  reason  for  this  failure  of  traditional  CME 
programs  may  be  their  inflexibility.  In  tradi- 
tional CME,  the  clinician  does  not  choose  the 
topic,  the  pace  of  the  program,  or  the  place  of 
learning,  and  the  CME  material  cannot  be  eas- 
ily delivered  to  the  point  of  care  where  the  cli- 
nician needs  the  information.  Computers  and 
computer  networks  have  the  potential  to  ac- 
complish these  goals.  CME  has  begun  to  ap- 
pear on  the  Internet;  however,  there  have  been 
few  evaluations  of  its  usefulness,  acceptance, 
and  effectiveness.  Over  the  last  18  months,  we 
have  developed  three  on-line  pulmonary  CME 
programs,  and  we  have  delivered  them  on  the 
Virtual  Hospital,  the  University  of  Iowa's  dig- 
ital health  sciences  library  on  the  Internet.  We 
report  our  initial  experience  with  this  CME  ma- 
terial. DESIGN:  We  measured  the  frequency 
with  which  the  Internet-delivered  CME  is  ac- 
cessed by  monitoring  page  accessions  and  by 
using  a  log  file  analysis  program  (Analog  1.2.3; 
University  of  Cambridge  Statistical  Laborato- 
ry; Cambridge,  UK).  In  addition,  we  collected 
all  completed  CME  examinations  and  evalua- 
tion forms  submitted  by  registered  users.  MEA- 
SUREMENTS AND  RESULTS:  We  have  found 
that  the  frequency  with  which  the  Internet-de- 
livered CME  is  accessed  has  continued  to  in- 
crease with  time  (2.3-fold  increase  over  18 
months),  that  evaluations  of  technical  and  con- 
tent issues  are  strongly  favorable,  and  that  some 
clinicians  have  been  willing  to  pay  to  receive 
CME  through  the  medium  of  the  Internet.  CON- 
CLUSIONS: We  feel  that  with  adequate  peer 
review  and  quality  control,  physicians  will  use 
the  Internet-delivered  CME.  However,  several 
obstacles  to  wide  use  remain.  These  obstacles 
include  issues  regarding  training  in  using  the 
Internet  for  physicians,  reluctance  of  physicians 
to  participate  in  on-line  commerce,  and  the  cur- 
rent unavailability  of  CME  to  be  delivered  in 
small-grained  quantities  to  the  point  of  care.  As 
these  issues  are  addressed,  we  feel  that  on-line 
CME  will  represent  an  increasingly  important 
CME  medium  for  clinicians. 

Patient  Satisfaction  with  Conscious  Sedation 
for  Bronchoscopy — Putinati  S,  Ballerin  L,  Cor- 
betta  L,  Trevisani  L,  Potena  A.  Chest  1999  May; 
1 1 5(5):  1 437- 1 440. 

STUDY  OBJECTIVE:  Bronchoscopic  tech- 
nique is  not  standardized.  Controversies  exist 
with  regard  to  premedication  with  sedatives  be- 


fore the  test.  To  evaluate  safety  and  efficacy  of 
conscious  sedation,  we  studied  1 00  randomized 
patients  undergoing  diagnostic  bronchoscopy; 
patients  received  premedication  with  lidocaine 
spray  and  atropine  sulfate  i.m.  (nonsedation 
group;  50  patients)  or  lidocaine  spray,  atropine 
i.m.  and  diazepam  i.v.  (sedation  group;  50  pa- 
tients). METHODS  AND  RESULTS:  Monitor- 
ing during  flexible  fiberoptic  bronchoscopy  in- 
cluded continuous  ECG  and  pulse  oximetry.  The 
procedure  could  not  be  completed  in  six  pa- 
tients. None  received  premedication  with  diaz- 
epam; among  the  patients  who  ended  the  ex- 
amination, tolerance  to  the  examination  (visual 
analogue  scale,  0  to  100;  0  =  excellent;  100  = 
unbearable)  was  better  in  the  sedation  group. 
Low  anxiety,  male  sex,  but  not  age  were  also 
associated  with  improved  patient  tolerance  to 
the  test.  Oxygen  desaturation  occurred  in  17% 
of  patients,  and  it  was  not  more  frequent  after 
diazepam  treatment.  CONCLUSIONS:  In  our 
study,  sedation  had  a  beneficial  effect  on  pa- 
tient tolerance  and  rarely  induced  significant 
alterations  in  cardiorespiratory  monitoring  pa- 
rameters. 


Red  Cell  Distribution  and  the  Recruitment 
of  Pulmonary  Diffusing  Capacity — Hsia  CC, 
Johnson  RL  Jr,  Shah  D.  J  Appl  Physiol  1999 
May;86(5):1460-I467. 

The  distribution  of  red  blood  cells  in  alveolar 
capillaries  is  typically  nonuniform,  as  shown 
by  intravital  microscopy  and  in  alveolar  tissue 
fixed  in  situ.  To  determine  the  effects  of  red 
cell  distribution  on  pulmonary  diffusive  gas 
transport,  we  computed  the  uptake  of  CO  across 
a  two-dimensional  geometric  capillary  model 
containing  a  variable  number  of  red  blood  cells. 
Red  blood  cells  are  spaced  uniformly,  randomly, 
or  clustered  without  overlap  within  the  capil- 
lary. Total  CO  diffusing  capacity  (D,(0)  and 
membrane  diffusing  capacity  (D,„(())  are  cal- 
culated by  a  finite-element  method.  Results 
show  that  distribution  of  red  blood  cells  at  a 
fixed  hematocrit  greatly  affects  capillary  CO 
uptake.  At  any  given  average  capillary  red  cell 
density,  the  uniform  distribution  of  red  blood 
cells  yields  the  highest  DmCO  and  DLCO,  whereas 
the  clustered  distribution  yields  the  lowest  val- 
ues. Random  nonuniform  distribution  of  red 
blood  cells  within  a  single  capillary  segment 
reduces  diffusive  CO  uptake  by  up  to  30%. 
Nonuniform  distribution  of  red  blood  cells 
among  separate  capillary  segments  can  reduce 
diffusive  CO  uptake  by  >50%.  This  analysis 
demonstrates  that  pulmonary  microvascular  re- 
cruitment for  gas  exchange  does  not  depend 
solely  on  the  number  of  patent  capillaries  or  the 
hematocrit;  simple  redistribution  of  red  blood 
cells  within  capillaries  can  potentially  account 
for  50%  of  the  observed  physiological  recruit- 
ment of  D,  c()  from  rest  to  exercise. 
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Abstracts 


Atopy  in  Children  of  Families  with  an  An- 
throposophic  Lifestyle — Aim  JS,  Swartz  J, 
Lilja  G,  Scheynius  A,  Pershagen  G.  Lancet  1 999 
May  I  ;353(9 163):  1485-1488. 

BACKGROUND:  Increased  prevalence  of 
atopic  disorders  in  children  may  be  associated 
with  changes  in  types  of  childhood  infections, 
vaccination  programmes,  and  intestinal  micro- 
flora. People  who  follow  an  anthroposophic  way 
of  life  use  antibiotics  restrictively,  have  few 
vaccinations,  and  their  diet  usually  contains  live 
lactobacilli,  which  may  affect  the  intestinal  mi- 
croflora. We  aimed  to  study  the  prevalence  of 
atopy  in  children  from  anthroposophic  families 
and  the  influence  of  an  anthroposophic  lifestyle 
on  atopy  prevalence.  METHODS:  In  a  cross- 
sectional  study,  295  children  aged  5-13  years 
at  two  anthroposophic  (Steiner)  schools  near 
Stockholm,  Sweden,  were  compared  with  380 
children  of  the  same  age  at  two  neighbouring 
schools  in  terms  of  history  of  atopic  and  infec- 
tious diseases,  use  of  antibiotics  and  vaccina- 
tions, and  social  and  environmental  variables. 
Skin-prick  tests  were  done  for  13  common  al- 
lergens, and  we  took  blood  samples  from  chil- 
dren and  their  parents  for  analysis  of  allergen- 
specific  serum  IgE-antibodies.  FINDINGS:  At 
the  Steiner  schools,  52%  of  the  children  had 
had  antibiotics  in  the  past,  compared  with  90% 
in  the  control  schools.  18%  and  93%  of  chil- 
dren, respectively,  had  had  combined  immuni- 
sation against  measles,  mumps,  and  rubella,  and 
6 1  %  of  the  children  at  the  Steiner  schools  had 
had  measles.  Fermented  vegetables,  containing 
live  lactobacilli,  were  consumed  by  63%  of  the 
children  at  Steiner  schools,  compared  with  4.5% 
at  the  control  schools.  Skin-prick  tests  and  blood 
tests  showed  that  the  children  from  Steiner 
schools  had  lower  prevalence  of  atopy  than  con- 
trols (odds  ratio  0.62  [95%  CI  0.43-0.91]). 
There  was  an  inverse  relation  between  the  num- 
ber of  characteristic  features  of  an  anthropo- 
sophic lifestyle  and  risk  of  atopy  (p  for 
trend=0.01).  INTERPRETATION:  Prevalence 
of  atopy  is  lower  in  children  from  anthropo- 
sophic families  than  in  children  from  other  fam- 
ilies. Lifestyle  factors  associated  with  anthro- 
posophy  may  lessen  the  risk  of  atopy  in 
childhood.  See  the  related  editorial:  Lifestyle 
and  Atopy.  Strachan  DP.  Lancet  1999  May 
1;353(9I63):  1457-1458. 

Systemic  Adverse  Effects  of  Inhaled  Corti- 
costeroid Therapy:  A  Systematic  Review  and 
Meta-Analysis — Lipworth  BJ.  Arch  Intern  Med 
1999  May  10;159(9):941-955. 

OBJECTIVE:  To  appraise  the  data  on  systemic 
adverse  effects  of  inhaled  corticosteroids. 
METHODS:  A  computerized  database  search 
from  January  1,  1966,  through  July  31,  1998, 
using  MEDLINE,  EMBASE,  and  BIDS  and  us- 
ing appropriate  indexed  terms.  Reports  dealing 
with  the  systemic  effects  of  inhaled  corticoste- 


roids on  adrenal  gland,  growth,  bone,  skin,  and 
eye,  and  reports  on  pharmacology  and  pharma- 
cokinetics were  reviewed  where  appropriate. 
Studies  were  included  that  contained  evaluable 
data  on  systemic  effects  in  healthy  volunteers 
as  well  as  in  asthmatic  children  and  adults.  A 
statistical  meta-analysis  using  regression  was 
performed  for  parameters  of  adrenal  suppres- 
sion in  27  studies.  RESULTS:  Marked  adrenal 
suppression  occurs  with  high  doses  of  inhaled 
corticosteroid  above  1.5  mg/d  (0.75  mg/d  for 
fluticasone  propionate),  although  there  is  a  con- 
siderable degree  of  interindividual  susceptibil- 
ity. Meta-analysis  showed  significantly  greater 
potency  for  dose-related  adrenal  suppression 
with  fluticasone  compared  with  beclomethasone 
dipropionate,  budesonide,  or  triamcinolone  ace- 
tonide,  whereas  prednisolone  and  fluticasone 
propionate  were  approximately  equivalent  on  a 
10:l-mg  basis.  Inhaled  corticosteroids  in  doses 
above  1 .5  mg/d  (0.75  mg/d  for  fluticasone  pro- 
pionate) may  be  associated  with  a  significant 
reduction  in  bone  density,  although  the  risk  for 
osteoporosis  may  be  obviated  by  post-meno- 
pausal  estrogen  replacement  therapy.  Although 
medium-term  growth  studies  showed  suppres- 
sive effects  with  400-microg/d  beclomethasone 
dipropionate,  there  was  no  evidence  to  support 
any  significant  effects  on  final  adult  height. 
Long-term,  high-dose  inhaled  corticosteroid  ex- 
posure increases  the  risk  for  posterior  subcap- 
sular cataracts,  and,  to  a  much  lesser  degree,  the 
risk  for  ocular  hypertension  and  glaucoma.  Skin 
bruising  is  most  likely  to  occur  with  high-dose 
exposure,  which  correlates  with  the  degree  of 
adrenal  suppression.  CONCLUSIONS:  All  in- 
haled corticosteroids  exhibit  dose-related  sys- 
temic adverse  effects,  although  these  are  less 
than  with  a  comparable  dose  of  oral  corticoste- 
roids. Metaanalysis  shows  that  fluticasone  pro- 
pionate exhibits  greater  dose-related  systemic 
bioactivity  compared  with  other  available  in- 
haled corticosteroids,  particularly  at  doses  above 
0.8  mg/d.  The  long-term  systemic  burden  will 
be  minimized  by  always  trying  to  achieve  the 
lowest  possible  maintenance  dose  that  is  asso- 
ciated with  optimal  asthmatic  control  and  qual- 
ity of  life. 

The  Role  of  the  Primary  Care  Physician  in 
Recognizing  Obstructive  Sleep  Apnea — 

Kramer  NR,  Cook  TE,  Carlisle  CC,  Corwin 
RW,  Millman  RP.  Arch  Intern  Med  1999  May 
IO;159(9):965-968. 

BACKGROUND:  Obstructive  sleep  apnea 
(OSA)  is  a  common  disorder  among  middle- 
aged  adults.  However,  OSA  is  a  recently  de- 
scribed disorder  for  which  most  primary  care 
physicians  do  not  have  formal  training.  The  pri- 
mary objectives  of  this  article  are  to  evaluate 
what  percentage  of  patients  referred  by  primary 
care  physicians  for  sleep  studies  had  OSA;  to 
characterize  the  clinical  features  of  these  pa- 
tients and  compare  them  with  our  known  OSA 


population;  and  to  determine  whether  primary 
care  physicians  asked  key  questions  contained 
in  a  work  sheet  to  make  the  diagnosis  of  OSA. 
METHODS:  A  retrospective  chart  review  at  a 
hospital-based  sleep  center  that  is  accredited  to 
evaluate  all  sleep  disorders,  not  just  OSA.  The 
health  maintenance  organization  is  a  staff  model 
one.  PATIENTS:  Sixty-nine  patients  who  were 
referred  for  a  sleep  study  by  a  health  mainte- 
nance organization  internist  or  family  practitio- 
ner between  June  1,  1994,  and  May  30,  1995. 
RESULTS:  Ninety-six  percent  of  the  68  pa- 
tients referred  for  polysomnography  had  OSA. 
Most  were  very  symptomatic  and  obese.  These 
68  patients  represent  0. 13%  of  the  primary  care 
patient  panel.  In  addition,  most  of  the  patients 
were  referred  by  a  few  physicians;  6  (1 1%)  of 
the  55  physicians  ordered  33%  of  the  68  stud- 
ies. CONCLUSIONS:  Primary  care  physicians 
did  recognize  obese  patients  with  prominent 
symptoms  of  sleep  apnea.  However,  only  a  small 
percentage  of  their  patient  panel  was  referred, 
suggesting  that  this  condition  is  still  underdi- 
agnosed. This  seems  particularly  true  as  most 
of  the  sleep  studies  were  ordered  by  a  small 
group  of  physicians.  Future  work  incorporating 
educational  interventions  is  necessary  to  im- 
prove detection  and  treatment  of  OSA. 

Life-Threatening  Events  After  Theophylline 
Overdose:  A  10- Year  Prospective  Analysis — 

Shannon  M.  Arch  Intern  Med  1999  May  10; 
l59(9):989-994. 

BACKGROUND:  Despite  the  declining  use  of 
theophylline,  episodes  of  intoxication  continue 
to  occur,  producing  seizures,  arrhythmias,  and 
death.  OBJECTIVES:  To  further  characterize 
major  toxic  effects  and  to  examine  the  efficacy 
of  existing  interventions.  METHODS:  We  con- 
ducted a  longitudinal  cohort  study  of  patients 
with  theophylline  overdose.  For  a  125-month 
period,  all  patients  referred  to  the  Massachu- 
setts Poison  Control  System  in  Boston  with  a 
serum  theophylline  concentration  of  167  micro- 
mol/L  (  >  30  microg/mL)  or  more  were  fol- 
lowed up  prospectively.  Recommended  man- 
agement by  the  poison  center  was  uniform  and 
protocol  based.  RESULTS:  Three  hundred  fif- 
ty-six patients  were  enrolled.  Mean  age  was 
34.5  years  (range,  3  days  to  98  years).  Mean 
peak  serum  theophylline  concentration  was  336 
micromol/L  (60  microg/mL)  (range,  167-1360 
micromol/L  [30-245  microg/mL]).  One  hun- 
dred sixty-two  patients  (45.5%)  had  acute.  144 
(40.4%)  had  chronic,  and  50  ( 14.0%)  had  acute- 
on-therapeutic  poisoning.  Seventy-four  patients 
(20.8%)  developed  cardiac  arrhythmias,  and  29 
(8.2%)  developed  seizures.  Fifteen  patients 
(4.2%)  died,  1 1  (73%)  of  whom  had  chronic 
overmedication.  Arrhythmias  were  significantly 
more  common  after  chronic  overmedication  than 
after  acute  intoxication  (35%  vs.  10%;  odds 
ratio,  4.97;  95%  confidence  interval,  2.68-9.23; 
p  <  0.001).  Eight  percent  of  patients  with 
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Health  Tips  Fact  Sheets 

These  one-page  fact  sheets  help  you 
share  your  knowledge  and  expertise  on 
important  issues  in  respiratory 
health  with  the  community.  Pad 
of  50. 
$7.50   ($10.00  nonmembers) 


Living  with  Asthma  Item  R32 

Quiz  Sheets 

Inpatients  and  outpatients  alike  will 
find  these  "IQ  Tests"  challenging  and 
informative.  These  true-and-false  tests 
feature  detailed  answers  on  a 
variety  of  subjects  vital  to 
respiratory  care.  Pad  of  50. 
$7.50  ($10.00  nonmembers) 

Check  Your  Asthma  "IQ" Item  R60 

Asthma  Disease  State  Management: 
Establishing  a  Partnership 

A  three-part  video  program  that 
provides  instruction  in  how  to  create  an 
effective  asthma  disease  management 
program  in  your  facility  and  covers 
diagnosis,  pharmacological  therapy, 
environmental  controls,  patient/family 
education,  and  case  studies.  Approved 
for  two  hours  of  continuing  education 
credit  by  CRCE  and  nursing  CE  credit. 
Includes  workbook,  no  min. 
Item  PA101  $79.95  ($94.95  nonmembers) 


Interactive  Clinical  Skills  Software 

Status  Asthmaticus  Simulation 

Involves  the  initial  assessment  of  a  35-year-old  man  with  a  history  of  allergic 
asthma.  Low-flow  oxygen  is  administered  initially,  followed  by  bronchodilator 
therapy.  As  the  simulation  progresses,  the  patient  is  intubated  and  receives 
mechanical  ventilation.  The  user  is  required  to  make  initial  settings  and  adjust- 
ments according  to  ABG  results  and  patient  response.  Also  included  in  the  simula- 
tion is  a  switch  to  IMV  mode,  sedation,  and  eventual  extubation  and  placement  on 
a  40  percent  aerosol  mask. 
Item  SP 12   $65  ttct» 

HSPs 

Bronchodilators  I:  Sympathomimetic  Amines 

Understand  the  results  of  stimulating  the  autonomic  nervous  system  and  the  use  of 
sympathomimetic  drugs  to  accomplish  bronchodilation.  Exposes  you  to  basic  aspects 
of  adrenergic  bronchodilators  and  the  patient  situations  for  which  they  are  indicated. 
Item  CS14  $12  (nonmembers  $16) 

Bronchodilators  II:  Anti-Cholinergics  and  Xanthines 

Identifies  the  three  categories  of  drugs  that  promote  bronchodilation  and  the 
mechanism  of  action  for  each.  This  package  also  provides  examples  of  drugs  in 
each  category.  Clinical  situations  are  presented  with  methods  of  bronchodilation 
and  rationale  for  method  selected. 
Item  CS15     $12  (nonmembers  $16) 

Peak  Flow  Monitoring 

Describes  the  method  for  performance  of  peak  flow  along  with  indications  for 
peak  flow  monitoring  in  asthma.  Discusses  the  minimal  ATS  recommendations  for 
monitoring  devices.  Lists  limitations  of  peak  flow  monitoring. 
Item  PE3    $12  (nonmembers  $16) 

Videotapes 

Asthma  Drugs  and  Medications:  Whaf  s  Right  and  Whaf  s  Wrong 
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Abstracts 


chronic  overmedication  died  compared  with 
2.5%  of  those  with  acute  intoxication  (odds  ra- 
tio, 3.20;  95%  confidence  interval,  1.01-10.39; 
p  =  0.04).  There  was  no  significant  difference 
in  the  rate  of  major  toxic  effects  (25.9%  vs. 
30.0%)  or  death  (4.6%  vs.  3.7%)  among  pa- 
tients referred  from  1 986  to  1991  and  from  1992 
to  1996.  CONCLUSIONS:  Theophylline  intox- 
ication results  in  substantial  morbidity  and  mor- 
tality, particularly  in  those  with  chronic  over- 
medication.  Treatment  strategies  fail  to  improve 
clinical  outcome.  With  safer  alternative  options 
available,  the  current  indications  for  theophyl- 
line should  be  rigorously  evaluated  with  a  goal 
toward  minimal  use  of  this  agent. 

Rapid  Saline  Infusion  Produces  Hyperchlo- 
remic  Acidosis  in  Patients  Undergoing  Gy- 
necologic Surgery — Scheingraber  S,  Rehm  M, 
Sehmisch  C,  Finsterer  U.  Anesthesiology  1999 
May;90(5):  1265-1 270. 

BACKGROUND:  Changes  in  acid-base  balance 
caused  by  infusion  of  a  0.9%  saline  solution 
during  anesthesia  and  surgery  are  poorly  char- 
acterized. Therefore,  the  authors  evaluated  these 
phenomena  in  a  dose-response  study.  METH- 
ODS: Two  groups  of  1 2  patients  each  who  were 
undergoing  major  intraabdominal  gynecologic 
surgery  were  assigned  randomly  to  receive  0.9% 
saline  or  lactated  Ringer's  solution  in  a  dosage 
of  30  mL  x  kg~  '  x  h  " '.  The  pH,  arterial  carbon 
dioxide  tension,  and  serum  concentrations  of 
sodium,  potassium,  chloride,  lactate,  and  total 
protein  were  measured  in  30-min  intervals.  The 
serum  bicarbonate  concentration  was  calculated 
using  the  Henderson-Hasselbalch  equation  and 
also  using  the  Stewart  approach  from  the  strong 
ion  difference  and  the  amount  of  weak  plasma 
acid.  The  strong  ion  difference  was  calculated 
as  serum  sodium  +  serum  potassium  -  serum 
chloride  -  serum  lactate.  The  amount  of  weak 
plasma  acid  was  calculated  as  the  serum  total 
protein  concentration  in  g/dl  x  2.43.  RESULTS: 
Infusion  of  0.9%  saline,  but  not  lactated  Ring- 
er's solution,  caused  a  metabolic  acidosis  with 
hyperchloremia  and  a  concomitant  decrease  in 
the  strong  ion  difference.  Calculating  the  serum 
bicarbonate  concentration  using  the  Henderson- 
Hasselbalch  equation  or  the  Stewart  approach 
produced  equivalent  results.  CONCLUSIONS: 
Infusion  of  approximately  30  mL  x  kg "'  x  h~ ' 
saline  during  anesthesia  and  surgery  inevitably 
leads  to  metabolic  acidosis,  which  is  not  ob- 
served after  administration  of  lactated  Ringer's 
solution.  The  acidosis  is  associated  with  hyper- 
chloremia. See  the  related  editorial:  Hyperchlo- 
remic  Metabolic  Acidosis  Is  a  Predictable  Con- 
sequence of  Intraoperative  Infusion  of  0.9% 
Saline.  Prough  DS.  Sidani  A.  Anesthesiology 
1999  May;90<5):  1247-1249. 

Use  of  the  Cuffed  Oropharyngeal  Airway  As 
an  Alternative  to  the  Laryngeal  Mask  Air- 
way with  Positive-Pressure  Ventilation — van 


Vlymen  JM,  Fu  W,  White  PF,  Klein  KW,  Grif- 
fin JD.  Anesthesiology  1999  May ;90(5):  1306- 
1310. 

BACKGROUND:  The  cuffed  oropharyngeal 
airway  is  a  modified  Guedel-type  oral  airway 
with  a  cuff  at  its  distal  end.  The  objectives  of 
this  study  were  to  compare  the  ability  of  the 
cuffed  oropharyngeal  airway  and  the  laryngeal 
mask  airway  to  provide  positive-pressure  ven- 
tilation during  general  anesthesia,  and  to  assess 
their  relative  ease  of  use  and  ability  to  reduce 
total  fresh  gas  flow  rates.  METHODS:  In  this 
prospective,  randomized  study,  a  cuffed  oro- 
pharyngeal airway  (n  =  25)  or  a  laryngeal  mask 
airway  (n  =  25)  device  was  inserted  after  in- 
duction of  anesthesia  intravenously  using  2 
mg/kg  propofol.  While  anesthesia  was  main- 
tained with  sevoflurane  and  nitrous  oxide,  the 
leak  pressure,  leak  fraction  (the  fractional  dif- 
ference between  the  inspired  and  expired  tidal 
volume),  minimum  fresh  gas  flow  rate,  and  need 
for  airway  manipulations  were  determined.  The 
anesthesia  provider  who  inserted  the  device 
completed  an  evaluation  form  at  the  end  of  the 
15-min  study  period.  RESULTS:  Positive-pres- 
sure ventilation  was  established  successfully  on 
the  first  attempt  in  92%  of  the  patients  when  the 
cuffed  oropharyngeal  airway  was  used  and  in 
88%  of  the  patients  when  the  laryngeal  mask 
airway  device  was  used.  However,  manipula- 
tions of  the  airway  device  were  necessary  more 
frequently  (8  vs.  1  patient;  p<  0.05)  and  the 
leak  pressure  was  less  (22  ±  6  cm  water  vs. 
26  ±  5  cm  water;  p  <  0.05)  with  the  cuffed 
oropharyngeal  airway  than  with  the  laryngeal 
mask  airway.  In  addition,  the  leak  fraction 
(0.19  ±  0.18  vs.  0.3 1  ±  0.22;  p  <  0.05)  and  the 
minimum  fresh  gas  flow  rate  (1.3  ±  1.5  vs. 
2.4  ±  2.5;  p  =  0.12)  were  less  in  the  laryngeal 
mask  airway  group.  CONCLUSIONS:  Positive- 
pressure  ventilation  is  possible  with  the  laryn- 
geal mask  airway  and  cuffed  oropharyngeal  air- 
way devices.  Although  the  cuffed  oropharyngeal 
airway  can  be  inserted  easily  by  inexperienced 
users  with  a  high  first-attempt  success  rate  (> 
90%),  manipulations  of  the  device  may  be  re- 
quired to  maintain  a  patent  airway.  The  laryn- 
geal mask  airway  device  allows  positive-pres- 
sure ventilation  at  slightly  greater  peak 
inspiratory  pressures. 

Topical  Lidocaine-Prilocaine  Cream 
(EMLA)  for  Thoracostomy  Tube  Removal — 

Valenzuela  RC,  Rosen  DA.  Anesth  Analg  1999 
May;88(5):l  107-1 108. 

We  prospectively  studied  topical  lidocaine-pri- 
locaine  cream  (EMLA)  versus  IV  morphine  in 
a  double-blinded,  randomized  fashion  for  pain 
relief  during  thoracostomy  tube  (chest  tube;  CT) 
removal.  Adult  patients  who  had  undergone  tho- 
racotomy or  median  sternotomy  were  random- 
ized to  receive  either  EMLA  cream  over  CT 
sites  transdermally  for  3  h  or  IV  morphine  0.5  h 


before  CT  removal.  Pain  behavior  was  observed 
and  rated  before,  during,  and  after  CT  removal. 
Pain  behavior  increased  less  in  the  topical 
EMLA  group  (mean  ±  SE,  4.4±0.39)  com- 
pared with  the  IV  morphine  group  (6.0±0.38; 
p  <  0.01).  No  signs  of  infection  were  noted  at 
the  CT  sites  24  or  48  h  after  CT  removal.  We 
conclude  that  EMLA  cream  is  more  effective 
than  IV  morphine  in  preventing  the  pain  asso- 
ciated with  CT  removal.  IMPLICATIONS: 
Postoperatively  applying  a  topical  anesthetic 
cream  onto  chest  tube  sites  of  chest  surgery 
patients  3  h  before  chest  tube  removal  is  more 
effective  than  IV  morphine  in  blunting  pain  re- 
sponse. 

Effects  of  Different  Modes  of  Delivery  on 
Lung  Volumes  of  Newborn  Infants — Lee  S, 

Hassan  A,  Ingram  D,  Milner  AD.  Pediatr  Pul- 
monol  1999  May;27(5):3 18-321. 

The  aim  of  our  study  was  to  examine  the  effect 
of  labor  and  birth  canal  compression  on  the  rate 
of  clearance  of  lung  fluid.  We  recruited  10  ba- 
bies born  by  vaginal  delivery  and  10  born  by 
elective  cesarean  section  (ECS).  Thoracic  gas 
volume  (TGV)  was  measured  using  total  body 
plethysmography,  and  functional  residual  ca- 
pacity (FRC)  by  argon  dilution,  at  ages  4-6  h 
and  24  h.  Additional  measurements  were  ob- 
tained at  age  48  h  in  the  infants  born  by  ECS. 
Our  results  showed  significant  increases  in  mean 
TGV  (from  23.1  mL/kg  to  27.4  mL/kg,  p  = 
0.002)  and  FRC  (from  21.2  mL/kg  to  24.1  mL/ 
kg,  p  =  0.04)  between  4-6  h  and  24  h  of  age 
after  ECS  delivery.  Lung  volumes  did  not 
change  significantly  over  the  next  24  h  (TGV, 
27.4  mL/kg,  p  =  0.97;  FRC,  25.5  mL/kg,  p  = 
0.42).  In  those  infants  born  by  vaginal  delivery, 
the  mean  TGV  at  4-6  h  and  24  h  were  26.7  and 
28.7  mL/kg,  respectively  (p  =  0.09),  and  the 
mean  FRC  results  were  23.1  and  24.9  mL/kg, 
respectively,  p  =  0.08).  The  TGV  tended  to  be 
lower  at  4-6  h  in  those  born  by  ECS  than  in 
infants  born  vaginally  (23.1  vs.  26.7  mL/kg, 
p  =  0.05).  We  conclude  that  there  is  a  delay  of 
up  to  24  h  in  the  establishment  of  final  lung 
volumes  in  babies  born  without  exposure  to  la- 
bor or  passage  through  the  birth  canal,  and  that 
this  may  explain  the  increased  respiratory  mor- 
bidity associated  with  delivery  by  ECS. 

Medication  Errors  at  the  Administration 
Stage  in  an  Intensive  Care  Unit — Tissot  E, 
Cornette  C,  Demoly  P,  Jacquet  M,  Barale  F, 
Capellier  G  Intensive  Care  Med  1999  Apr; 
25(4):353-359. 

OBJECTIVE:  To  assess  the  type,  frequency  and 
potential  clinical  significance  of  medication- 
administration  errors.  DESIGN:  Prospective 
study  using  the  observation  technique  as  de- 
scribed by  the  American  Society  of  Health- 
System  Pharmacists  but  eliminating  the  dis- 
guised aspect.  SETTING:  Medical  intensive 
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care  unit  (ICU)  in  a  university  hospital.  PA- 
TIENTS AND  PARTICIPANTS:  2009  medi- 
cation administration  interventions  by  nurses. 
INTERVENTIONS:  Pharmacist-performed  ob- 
servation of  preparation  and  administration  of 
medication  by  nurses,  comparison  with  the  orig- 
inal medical  order  and  comparison  with  the  data 
available  in  the  literature.  MEASUREMENTS 
AND  RESULTS:  132  (6.6%  of  2009  observed 
events)  errors  were  detected.  Their  distribution 
is  as  follows:  41  dose  errors,  29  wrong  rate,  24 
wrong  preparation  technique,  19  physicochem- 
ical  incompatibility,  10  wrong  administration 
technique  and  9  wrong  time  errors.  No  fatal 
errors  were  observed,  but  26  of  1 32  errors  were 
potentially  life-threatening  and  55  potentially 
significant.  CONCLUSION:  According  to  this 
first  observation-based  study  of  medication  ad- 
ministration errors  in  a  European  ICU,  these 
errors  were  due  to  deficiencies  in  the  overall 
organisation  of  the  hospital  medication  track,  in 
patient  follow-up  and  in  staff  training. 

Autopsy:  Quality  Assurance  in  the  ICU — 

Gut  AL,  Ferreira  AL,  Montenegro  MR.  Inten- 
sive Care  Med  1999  Apr;25(4):360-363. 


cardiac  pressures  and  respiratory  factors  due  to 
mechanical  ventilation  and  also  anatomical 
changes  in  the  right  atrium  as  described  in  the 
platypnea-orfhodeoxia  syndrome.  We  report  a 
patient  with  the  adult  respiratory  distress  syn- 
drome (ARDS)  who  had  a  right-to-left  atrial 
shunt  which  decreased  in  the  prone  position, 
after  which  oxygenation  improved.  The  patient 
was  admitted  to  the  intensive  care  unit  because 
of  ARDS  due  to  an  invasive  fungal  infection. 
He  had  a  history  of  chronic  lymphocytic  leu- 
kemia and  paradoxical  embolisms  through  a 
patent  foramen  ovale.  Despite  mechanical  ven- 
tilation and  antifungal  treatment  he  developed 
severe  ARDS.  He  was  therefore  turned  to  the 
prone  position.  Blood  gas  values  improved  dra- 
matically (arterial  oxygen  tension/fractional  in- 
spired oxygen  ratio  increasing  from  59  to  278 
torr).  Transcranial  Doppler  sonography  was  per- 
formed with  bubble  study,  which  confirmed  a 
massive  right-to-left  shunt  in  the  supine  posi- 
tion and  which  instantaneously  decreased  in  the 
prone  position.  This  case  suggests  that  a  de- 
crease in  right-to-left  shunt  in  patients  who  have 
a  patent  foramen  ovale  could  partly  explain  the 
improvement  in  hypoxemia  in  the  prone  position. 


efficacy  of  therapeutic  intervention.  METH- 
ODS: Patients  with  brain  injury  sustained  be- 
tween January  of  1996  and  December  of  1997 
were  reviewed.  All  were  screened  with  trials  of 
oral  intake.  Abnormal  findings  were  confirmed 
with  a  videofluoroscopic  swallow  study.  Stan- 
dard therapies  included  diet,  posture,  and  be- 
havior modifications.  RESULTS:  A  total  of  47 
patients  were  evaluated.  Bedside  evaluations 
were  normal  in  14  patients,  2  patients  had  overt 
aspiration  and  underwent  gastrostomy,  and  31 
patients  were  referred  for  a  videofluoroscopic 
swallow  study  (66%).  The  videofluoroscopic 
swallow  study  was  abnormal  in  22  of  31  pa- 
tients (71%).  Of  these,  4  additional  patients  re- 
quired gastrostomy,  13  patients  had  laryngeal 
penetration  or  minor  aspiration  responsive  to 
dysphagia  therapy  and  were  fed.  Five  other  pa- 
tients had  silent  aspiration  and  were  fed  by 
means  of  nasogastric  tube;  these  five  patients 
responded  to  dysphagia  therapy  and  were  able 
to  resume  oral  intake.  CONCLUSION:  Dys- 
phagia is  common  after  severe  head  injury.  With 
formal  swallowing  service  intervention,  aspira- 
tion is  avoided.  Therapeutic  interventions  can 
be  used  to  restore  oral  intake. 


OBJECTIVE:  To  examine  the  correlation  be- 
tween the  clinical  diagnosis  and  autopsy  find- 
ings in  adult  patients  who  died  in  an  intensive 
care  unit  (ICU).  To  determine  the  rate  of  agree- 
ment of  the  basic  and  terminal  causes  of  death 
and  the  types  of  errors  in  order  to  improve  qual- 
ity control  of  future  care.  DESIGN:  Retrospec- 
tive study.  SETTING:  Adult  ICU  in  a  univer- 
sity hospital.  PATIENTS:  30  adult  patients  who 
died  in  the  ICU,  with  the  exclusion  of  medico- 
legal cases.  METHODS  AND  MAIN  RE- 
SULTS: Anatomo-clinical  meetings  were  held 
to  analyze  the  pre-  and  postmortem  correlations 
in  30  consecutive  autopsies  at  the  ICU  of  the 
University  Hospital,  School  of  Medicine  of 
Botucatu/  UNESP,  from  January  1994  to  Jan- 
uary 1997.  The  rate  of  correct  clinical  diag- 
noses of  the  basic  cause  was  66.7%;  in  23.3% 
of  cases,  if  the  correct  diagnosis  was  made, 
management  would  have  been  different,  as 
would  have  been  the  evolution  of  the  patient's 
course  (Class  I  error);  in  10%  of  the  cases  the 
error  would  not  have  led  to  a  change  in  man- 
agement (Class  II  error).  The  rate  of  correct 
clinical  diagnoses  of  terminal  cause  was  80%. 
CONCLUSIONS:  The  rate  of  recognition  of 
the  basic  cause  was  66.7%,  which  is  consistent 
with  the  literature,  but  the  Class  I  error  rate  was 
higher  than  that  reported  in  the  literature. 

Right-to-Left  Interatrial  Shunt  in  ARDS: 
Dramatic  Improvement  in  Prone  Position — 

Legras  A,  Dequin  PF,  Hazouard  E,  Doucet  O, 
Tranquart  F,  Perrotin  D.  Intensive  Care  Med 
1999  Apr;25(4):412-4I4. 

The  mechanisms  leading  to  shunting  through  a 
patent  foramen  ovale  include  high  right-sided 


Mass  Envenomations  by  Honey  Bees  and 
Wasps — Vetter  RS,  Visscher  PK,  Camazine  S. 
West  J  Med  1999  Apr;170(4):223-227. 

Stinging  events  involving  honey  bees  and  wasps 
are  rare;  most  deaths  or  clinically  important  in- 
cidents involve  very  few  stings  (<  10)  and  ana- 
phylactic shock.  However,  mass  stinging  events 
can  prove  life-threatening  via  the  toxic  action 
of  the  venom  when  injected  in  large  amounts. 
With  the  advent  of  the  Africanized  honey  bee 
in  the  southwestern  United  States  and  its  po- 
tential for  further  spread,  mass  envenomation 
incidents  will  increase.  Here  we  review  the  lit- 
erature on  mass  stinging  events  involving  honey 
bees  and  wasps  (i.e.,  yellowjackets,  wasps,  and 
hornets).  Despite  different  venom  composition 
in  the  two  insect  groups,  both  may  cause  sys- 
temic damage  and  involve  hemolysis,  rhabdo- 
myolysis,  and  acute  renal  failure.  Victim  death 
may  occur  due  to  renal  failure  or  cardiac  com- 
plications. With  supportive  care,  however,  most 
victims  should  be  able  to  survive  attacks  from 
hundreds  of  wasps  or  approximately  1 000  honey 
bees. 

Formal  Swallowing  Evaluation  and  Therapy 
After  Traumatic  Brain  Injury  Improves  Dys- 
phagia Outcomes — Schurr  MJ,  Ebner  KA,  Ma- 
ser  AL,  Sperling  KB,  Helgerson  RB,  Harms  B. 
J  Trauma  1 999  May ;46(5): 817-821;  discussion 
821-823. 

BACKGROUND:  The  incidence  of  swallow- 
ing dysfunction  after  brain  injury  is  unknown. 
The  efficacy  of  dysphagia  therapy  is  also  un- 
known. We  reviewed  our  experience  to  define 
the  incidence  of  swallowing  dysfunction  and 


Pulmonary  Contusions:  Quantifying  the  Le- 
sions on  Chest  X-Ray  Films  and  the  Factors 
Affecting  Prognosis — Tyburski  JG.  Collinge 
JD,  Wilson  RF,  Eachempati  SR.  J  Trauma  1999 
May;46(5):833-838. 

OBJECTIVES:  To  quantify  pulmonary  contu- 
sions on  chest  x-ray  film  and  to  evaluate  factors 
correlating  with  the  size  of  the  pulmonary  con- 
tusions, changes  in  the  first  24  hours,  the  need 
for  ventilatory  assistance,  and  death.  METH- 
ODS: The  medical  records  and  chest  x-ray  films 
of  103  patients  with  blunt  chest  trauma  diag- 
nosed as  having  a  pulmonary  contusion  were 
reviewed.  RESULTS:  A  pulmonary  contusion 
score  was  developed  (3  =  one  third  of  a  lung; 
9  =  an  entire  lung).  In  the  emergency  depart- 
ment, pulmonary  contusions  were  not  present 
in  11,  were  mild  (one  ninth  to  two  ninths  of  a 
lung)  in  15  patients,  moderate-severe  (three 
ninths  to  nine  ninths  of  a  lung)  in  53  patients, 
and  very  severe  in  24  patients.  Within  24  hours, 
the  pulmonary  contusion  score  increased  in  26 
patients  by  7.9  ±  5.5  (SD).  The  26  patients 
with  an  increasing  contusion  had  a  higher  mor- 
tality rate  (38%  vs.  1 7%)  (p  =  0.044)  and  tended 
to  need  ventilatory  assistance  more  frequently 
(73%  vs.  49%)  (p  =  0.061).  The  35  patients 
with  very  severe  pulmonary  contusions  (pul- 
monary contusion  score  =  10-18)  had  the  low- 
est Pl0,:F|0,  ratio  at  24  hours  (175  ±  103  mm 
Hg),  longest  hospital  length  of  stay  (28  ±  35 
days),  and  the  highest  Injury  Severity  Score 
(26  ±  9).  The  factors  correlating  highest  with  a 
need  for  ventilatory  support  (57/103)  were  the 
24  hour  or  initial  Pu0/Fio,  rat'°  <  3"0i  an  'n~ 
jury  Severity  Score  a  24,  Revised  Trauma 
Score  <  6.4,  Glasgow  Coma  Scale  score  £  12, 
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and  shock  or  need  for  blood  in  the  first  24  hours 
(p  <  0.001).  Death  correlated  highly  with  a 
need  for  ventilatory  assistance.  Injury  Severity 
Score  a  26,  Revised  Trauma  Score  s  6.3.  and 
Glasgow  Coma  Scale  score  S  1 1  (p  <  0.001 ). 
CONCLUSION:  Quantifying  and  noting 
changes  in  the  extent  of  the  pulmonary  contu- 
sions and  Pa0/F]o,  rat'°  during  the  first  24  hours 
may  be  of  value  in  determining  the  need  for 
ventilatory  assistance  and  predicting  outcome. 

Pulmonary  Gas  Exchange  During  Intramed- 
ullary Fixation  of  Femoral  Shaft  Fractures — 

Weresh  MJ,  Stover  MD.  Bosse  MJ.  Jeray  K. 
Kellam  JF.  Sims  SH.  Kline  JA.  J  Trauma  1999 
May:46(5):863-868. 

BACKGROUND:  This  study  was  undertaken 
to  determine  if  the  alveolar  dead  space  fraction 
(VI:/VT)  or  the  alveolar-arterial  oxygen  gradi- 
ent (A-a  DO,)  increased  during  intramedullary 
fixation  of  femoral  shaft  fractures.  METHODS: 
Fifty  hemodynamically  stable  patients  with  fe- 
mur fractures  were  prospectively  enrolled.  Three 
serial  measurements  of  V[/VT  and  A-a  DO, 
were  obtained  immediately  before  femoral  nail- 
ing (Pre),  30  minutes  after  nailing  (  +  30),  and 
120  minutes  after  nailing  (+120).  Vp/V-,-  was 
determined  by  simultaneously  measuring  PaCo, 
and  the  steady-state  end-tidal  CO,  (PetCO,), 
where  Vo/VT  =  ( 1  -  PetCO,/ PaCO,).  RESULTS: 
Vp/Vj  before  nailing  was  0.09  ±  0.09  (mean  ± 
SD);  at  +30  and  +120,  V[/VT  was  0.10  ± 
0.06  and  0.08  ±  0.07.  respectively  (p  >  0.2; 
paired  t  test,  both  time  points).  A-a  DO,  before 
nailing  was  84  ±  85  mm  Hg,  and  it  did  not 
change  significantly  at  +30  (89  ±  69  mm  Hg: 
p  =  0.51  vs.  Pre:  paired  r-test)  or  at  +120 
(51  ±45  mm  Hg).  No  difference  in  data  was 
found  with  analysis  by  fracture  classification  or 
number  of  reamer  passes.  Vp/VT  and  A-a  DO,, 
however,  were  both  significantly  increased  in 
patients  with  lung  contusion  (n  =  6)  before 
nailing,  but  neither  measurement  increased  af- 
ter nailing.  One  patient  developed  fat  embolism 
(Vd/Vt  of  0.35  at  Pre  and  0.31  at  +120),  and 
another  patient  experienced  postoperative  pul- 
monary thromboembolism  (VDVT  increased 
from  0.06  at  Pre  to  0.17  at  +120).  CONCLU- 
SION: The  process  of  femoral  nailing  does  not 
cause  enough  pulmonary  embolization  to  alter 
pulmonary  gas  exchange  as  measured  by  V,/VT 
and  A-a  DO,.  If  V^/Vj  is  increased  preopera- 
tive^, the  likelihood  of  subsequent  pulmonary 
dysfunction  secondary  to  either  preoperative 
lung  injury  or  fat  embolism  is  increased. 

Respiratory  Energetics  During  Exercise  at 
High  Altitude — Cibella  F.  Cuttitta  G,  Romano 
S,  Grassi  B,  Bonsignore  G,  Milic-Emili  J.  J  Appl 
Physiol  1999  Jun;86(6):  1785- 1792. 

The  purpose  of  this  study  was  to  assess  the 
effect  of  high  altitude  (HA)  on  work  of  breath- 
ing and  external  work  capacity.  On  the  basis  of 
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simultaneous  records  of  esophageal  pressure  and 
lung  volume,  the  mechanical  power  of  breath- 
ing (Wrs)  was  measured  in  four  normal  sub- 
jects during  exercise  at  sea  level  (SL)  and  after 
a  I -mo  sojourn  at  5,050  m.  Maximal  exercise 
ventilation  (VEmus)  and  maximal  Wrs  were 
higher  at  HA  than  at  SL  (mean  185  vs.  101 
L/min  and  129  vs.  40  cal/min,  respectively), 
whereas  maximal  02  uptake  averaged  2.07  and 
3.03  L/min,  respectively.  In  three  subjects,  the 
relationship  of  Wrs  to  minute  ventilation  (VE) 
was  the  same  at  SL  and  HA,  whereas,  in  one 
individual,  Wrs  for  any  given  VE  was  consis- 
tently lower  at  HA.  Assuming  a  mechanical 
efficiency  (E)  of  5%,  the  02  cost  of  breathing  at 
HA  and  SL  should  amount  to  26  and  5.5%  of 
maximal  O,  uptake,  whereas  for  E  of  20%  the 
corresponding  values  were  6.5  and  1.4%,  re- 
spectively. Thus,  at  HA,  Wrs  may  substantially 
limit  external  work  unless  E  is  high.  Although 
at  SL  VEmax  did  not  exceed  the  critical  VE,  at 
which  any  increase  in  VE  is  not  useful  in  terms 
of  body  energetics  even  for  E  of  5%,  at  HA 
VE 


Posture  Effects  on  Timing  of  Abdominal 
Muscle  Activity  During  Stimulated  Ventila- 
tion— Abe  T,  Yamada  T,  Tomita  T,  Easton  PA. 
J  Appl  Physiol  1999  Jun;86(6):  1994-2000. 

In  humans  during  stimulated  ventilation,  sub- 
stantial abdominal  muscle  activity  extends  into 
the  following  inspiration  as  postexpiratory  ex- 
piratory activity  (PEEA)  and  commences  again 
during  late  inspiration  as  preexpiratory  expira- 
tory activity  (PREA).  We  hypothesized  that  the 
timing  of  PEEA  and  PREA  would  be  changed 
systematically  by  posture.  Fine-wire  electrodes 
were  inserted  into  the  rectus  abdominis,  exter- 
nal oblique,  internal  oblique,  and  transversus 
abdominis  in  nine  awake  subjects.  Airflow,  end- 
tidal  C02,  and  moving  average  electromyogram 
(EMG)  signals  were  recorded  during  resting  and 
C02-stimulated  ventilation  in  both  supine  and 
standing  postures.  Phasic  expiratory  EMG  ac- 
tivity (tidal  EMG)  of  the  four  abdominal  mus- 
cles at  any  level  of  C02  stimulation  was  greater 
while  standing.  Abdominal  muscle  activities 
during  inspiration,  PEEA,  and  PREA,  were  ob- 
served with  CO,  stimulation,  both  supine  and 
standing.  Change  in  posture  had  a  significant 
effect  on  intrabreath  timing  of  expiratory  mus- 
cle activation  at  any  level  of  C02  stimulation. 
The  transversus  abdominis  showed  a  signifi- 
cant increase  in  PEEA  and  a  significant  de- 
crease in  PREA  while  subjects  were  standing; 
similar  changes  were  seen  in  the  internal  oblique. 
We  conclude  that  changes  in  posture  are  asso- 
ciated with  significant  changes  in  phasic  expi- 
ratory activity  of  the  four  abdominal  muscles, 
with  systematic  changes  in  the  timing  of  ab- 
dominal muscle  activity  during  early  and  late 
inspiration. 


Neuromechanical  Interaction  in  Human 
Snoring  and  Upper  Airway  Obstruction — 

Huang  L,  Williams  JE.  J  Appl  Physiol  1999 
Jun;86(6):  1759-1763. 

The  fact  that  snoring  and  obstructive  apnea  only 
occur  during  sleep  means  that  effective  neuro- 
muscular functioning  of  the  upper  airway  dur- 
ing sleep  is  vital  for  the  maintenance  of  unim- 
peded breathing.  Recent  clinical  studies  in 
humans  have  obtained  evidence  demonstrating 
that  upper  airway  neural  receptors  sense  the 
negative  pressure  generated  by  inspiration  and 
'trigger,'  with  a  certain  delay,  reflex  muscle 
activation  to  sustain  the  airway  that  might  oth- 
erwise collapse.  These  findings  have  enabled 
us  to  propose  a  model  in  which  the  mechanics 
is  coupled  to  the  neuromuscular  physiology 
through  the  generation  of  reflex  wall  stiffening 
proportional  to  the  retarded  fluid  pressure.  Pre- 
liminary results  on  this  model  exhibit  three  kinds 
of  behavior  typical  of  unimpeded  breathing, 
snoring,  and  obstructive  sleep  apnea,  respec- 
tively. We  suggest  that  the  increased  latency  of 
the  reflex  muscle  activation  in  sleep,  together 
with  the  reduced  strength  of  the  reflex,  have 
important  clinical  consequences. 

Does  Treatment  of  Asthmatic  Children  with 
Inhaled  Corticosteroids  Affect  Their  Adult 
Height?— Van  Bever  HP,  Desager  KN,  Les- 
sens N,  Weyler  JJ,  Du  Caju  MV.  Pediatr  Pul- 
monol  1999  Jun;27(6):369-375. 

In  this  retrospective  study,  adult  height  was  as- 
sessed in  young  adult  asthmatics  who  were 
treated  with  inhaled  corticosteroids  (ICs)  dur- 
ing childhood  (n  =  42;  26  boys)  and  compared 
to  those  obtained  in  asthmatic  patients  who  were 
never  treated  with  ICs  during  childhood  (n  = 
43;  23  boys).  Standing  height  of  all  subjects 
and  their  parents  was  measured.  Height  data 
were  analyzed  using  actual  length  and  target 
height  in  centimeters,  standard  deviation  scores 
(SDS),  and  difference  between  adult  height  of 
the  patients  and  their  target  height  (adult  height 
minus  target  height).  Mean  adult  height  was  the 
same  in  subjects  who  took  ICs  during  child- 
hood as  compared  to  those  who  had  never  re- 
ceived ICs  (boys:  1 79.3cm  ±  6.8  vs.  180.4  cm  ± 
5.6;  girls:  165.8  cm±  7.5  vs.  167.7  cm  t  7.2). 
SDS  of  adult  height  was  also  not  different  be- 
tween the  two  groups:  in  subjects  who  did  not 
take  ICs  it  was  0.89  ±  1 .00,  while  in  those  who 
took  ICs  it  was  0.66  ±1.10  (p=  0.31).  SDS  of 
target  height  was  also  not  different  between  the 
two  groups:  in  subjects  not  taking  ICs  it  was 
0.95  ±  0.86,  while  in  those  who  took  ICs  it  was 
0.28  ±  0.76  (p=  0.30).  However,  subjects  who 
took  ICs  during  childhood  showed  a  statisti- 
cally significant  lower  value  of  adult  height  mi- 
nus target  height  than  those  who  never  took  ICs 
(whole  group:  -0.003  ±  5.9  vs.  2.54  ±  4.8,  p  = 
0.03  ;  boys:  0.004  ±  5.8  vs.  3.09  ±  4.5,  p  = 
0.04  ;  girls:  -0.075  ±  6.3  vs.  1.91   ±  5.2,  p= 


0.31).  Patients  on  ICs  during  childhood  who 
had  ever  been  hospitalized  for  asthma  showed  a 
lower  value  for  adult  height  minus  target  height 
than  those  who  took  ICs  but  were  never  hospi- 
talized (-3.08  ±  7.8  vs.  1 .06  ±  4.8,  p  =  0.046). 
A  logistic  regression  analysis  predicting  growth 
impairment  showed  that  the  best-fitting  model 
was  one  that  used  only  ICs  as  a  dependent  vari- 
able (crude  odds  ratio,  3.3;  95%  CI,  1.3-8.4). 
Patients  who  were  treated  with  ICs  in  combi- 
nation with  intranasal  corticosteroids  (treatment 
for  rhinitis)  tended  to  have  a  lower  value  of 
adult  height  minus  target  height  than  the  other 
children,  but  the  difference  was  not  statistically 
significant  (p  =  0.07).  We  conclude  that  al- 
though adult  height  was  the  same  in  young  adults 
who  were  treated  with  ICs  during  childhood 
compared  to  those  who  were  not  treated  with 
ICs  during  childhood,  there  was  a  statistically 
significant  difference  between  the  two  groups 
for  adult  height  minus  target  height,  suggesting 
mild  growth  retardation  in  patients  who  took 
ICs  during  childhood.  These  findings  may  be 
explained  by  the  use  of  ICs,  but  it  seems  more 
likely  that  a  difference  in  asthma  severity  be- 
tween both  groups  was  responsible  for  it. 

Early  Prediction  of  Neonatal  Chronic  Lung 
Disease:  A  Comparison  of  Three  Scoring 
Methods— Yoder  BA,  Anwar  MU,  Clark  RH. 
Pediatr  Pulmonol  1999  Jun;27(6):388-394. 

A  variety  of  postnatal  therapies  have  been  and 
will  be  evaluated  for  prevention  or  treatment  of 
neonatal  chronic  lung  disease  (CLD).  A  simple 
method  for  early  selection  of  the  highest  risk 
infants  would  optimize  intervention  trials.  Our 
study  compared  a  clinical  scoring  system  for 
predicting  neonatal  CLD  (defined  at  36  weeks 
postconceptional  age)  with  previous  regression 
models  developed  by  Sinkin  et  al.  (Sinkin 
model)  [Pediatrics  1990;86:728-736]  and  Ryan 
et  al.  (Ryan  model)  [Eur  J  Pediatr  1996;668- 
671]  in  two  distinct  populations.  A  respiratory 
failure  score  (RFS)  was  prospectively  devel- 
oped for  infants  at  <  32  weeks  of  gestation 
admitted  to  the  Wilford  Hall  Medical  Center 
from  January  1 990-December  1992.  Logistic 
regression  modeling  identified  three  indepen- 
dent predictors  of  CLD:  gestation,  birth  weight, 
and  RFS.  Applying  a  modified  RFS  score  (to 
include  gestation  and  birth  weight),  the  RFS, 
Sinkin,  and  Ryan  models  were  compared  among 
high-risk  infants  admitted  to  Wilford  Hall  from 
January  1 993-December  1 995,  and  to  Crawford 
Long  Hospital  (Atlanta,  GA)  from  January  1 993- 
December  1994.  Predictive  values,  sensitivity, 
specificity,  and  receiver  operating  characteris- 
tic (ROC)  curves  were  determined  for  the  pri- 
mary outcome  variable:  CLD  at  36  weeks  of 
corrected  gestation.  Of  248  infants  at  <32  weeks 
admitted  to  Wilford  Hall,  220  survived  >7  days. 
Thirty  of  31  (97%)  infants  diagnosed  with  CLD 
were  <29  weeks  or  s  1,000  g  at  birth.  Despite 
important  demographic  and  treatment  differ- 
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ences  between  the  study  populations,  similar 
ROC  curves  were  found  for  each  scoring  method 
when  individually  evaluated  among  the  three 
study  groups.  The  RFS  method  at  72  h  demon- 
strated the  greatest  area  under  the  ROC  curve 
for  prediction  of  neonatal  CLD  in  the  groups  as 
a  whole.  Application  of  the  RFS  method  for 
early  prediction  of  neonatal  CLD  at  age  72  h 
should  improve  patient  selection  for  early  pre- 
vention trials. 

Clinical  Features  of  Obstructive  Sleep  Ap- 
nea Hypoventilation  Syndrome  in  Otherwise 
Healthy  Children — Rosen  CL.  Pediatr  Pulmo- 
nol  1999  Jun;27(6):403-4O9. 

Obstructive  sleep  apnea  hypoventilation  syn- 
drome (OSAHS)  is  an  important  public  health 
problem.  However,  major  gaps  exist  in  our 
knowledge  about  the  clinical  features  of  this 
disorder  in  the  pediatric  age  group.  The  pur- 
pose of  this  study  was  to  examine  clinical  fea- 
tures of  OSAHS  diagnosed  by  polysomnogra- 
phy in  otherwise  healthy  children.  In  this  cross- 
sectional  study,  326  children  without  underlying 
medical  conditions  (5.8  ±  3.0  years,  range  1-12 
years;  56%  male)  were  recruited  from  patients 
referred  by  primary  care  and  otorhinolaryngol- 
ogy  physicians  for  evaluation  of  snoring  and 
difficulty  breathing.  Ethnic  group  distribution 
was  African-American  (38%),  Caucasian 
(30%),  and  Hispanic  (31%).  Complaints  of  day- 
time tiredness  or  sleepiness  were  reported  in 
29%  of  the  children.  All  children  underwent 
overnight  polysomnography  (N  =  330  studies). 
OSAHS  was  diagnosed  in  59%  of  the  children, 
based  on  polysomnographic  criteria.  The  re- 
maining children  had  either  primary  snoring 
(25%);  no  snoring  (10%),  or  upper  airway  re- 
sistance syndrome  (6%).  Neither  male  gender 
nor  obesity  increased  the  likelihood  for  the  di- 
agnosis of  OSAHS.  However,  the  incidence  of 
obesity  in  the  study  population  (28%)  was  more 
than  twice  that  of  the  general  pediatric  popula- 
tion. African-American  children  had  a  greater 
likelihood  for  OSAHS  diagnosis  compared  to 
Hispanic  or  Caucasian  children.  Daytime  com- 
plaints of  sleepiness  or  tiredness  were  not  more 
common  in  children  diagnosed  with  OSAHS 
than  in  the  children  without  OSAHS.  As  ex- 
pected, tonsillar  hypertrophy  increased  the  like- 
lihood of  OSAHS  diagnosis.  In  summary,  many 
of  the  clinical  features  of  childhood  OSAHS 
are  in  marked  contrast  to  those  in  adults. 

Effect  of  Single  versus  Multiple  Dosing  on 
Perfluorochemical  Distribution  and  Elimina- 
tion During  Partial  Liquid  Ventilation — 

Miller  TF.  Milestone  B,  Stern  R,  Shaffer  TH, 
Wolfson  MR.  Pediatr  Pulmonol  1999Jun;27(6): 
410-418. 

The  objective  of  this  study  was  to  quantitate 
perfluorochemical  (PFC)  elimination  kinetics 
during  partial  liquid  ventilation  (PLV)  follow- 


ing an  initial  fill  with  or  without  hourly  dosing. 
Young  New  Zealand  rabbits  were  studied  in 
two  groups:  Gr  I  (n  =  6),  PLV  with  a  single 
dose  of  PFC  liquid  (perflubron:  LiquiVent,  Al- 
liance Pharmaceutical  Corp.);  and  Gr  II  (n  = 
5),  PLV  with  PFC  liquid  and  multiple  hourly 
dosing  .  All  rabbits  were  studied  for  4  h,  fol- 
lowing initial  instillation  of  a  volume  of  PFC 
liquid  equal  to  the  measured  gas  functional  re- 
sidual capacity.  Animals  were  ventilated  at  a 
constant  breathing  frequency  (30  br/min),  tidal 
volume  (9.3  ±  0.3  SE  mL/kg),  positive  end 
expiratory  pressure  (4  cm  H20),  and  inspiratory 
time  (0.30  s).  PFC  saturation  of  mixed  expired 
gas  (PFC-Sat)  was  assessed  with  a  thermal  con- 
ductivity analyzer,  and  PFC  elimination  was 
calculated  from  PFC-Sat,  minute  ventilation, 
and  temperature  of  the  expired  gas.  In  GR  II. 
PFC  was  supplemented  hourly  at  a  volume  de- 
termined by  PFC  elimination  calculations.  The 
results  demonstrated  a  decrease  in  PFC-sat  and 
PFC  loss  with  time,  independent  of  group  (p< 
0.05).  In  addition,  with  hourly  supplementation 
(GRII),  PFC-Sat  and  PFC  elimination  over  time 
was  significantly  (p  <  0.05)  greater  than  in 
animals  (GR  I)  which  did  not  receive  additional 
doses.  These  data  demonstrate  that  the  PFC  elim- 
ination rate  is  not  constant  and  is  related  to  the 
amount  of  PFC  in  the  respiratory  system.  This 
may  have  occurred  due  to  distributional  differ- 
ences of  ventilation  and  PFC  liquid  between  the 
single  and  multiple  dosing  groups.  These  find- 
ings also  suggest  that  evaluation  of  PFC  con- 
centrations in  expired  gas  may  be  a  clinically 
useful  index  of  intrapulmonary  PFC  distribu- 
tion during  PLV,  and  that  maintained  elevation 
of  expired  gas  PFC  saturation  may  guide  opti- 
mal PFC  dosing  intervals  and  distribution  to 
maximize  protection  against  barotrauma. 

Lipid-Laden  Macrophages  in  Bronchoalveo- 
lar  Lavage  Fluid  as  a  Marker  for  Pulmonary 
Aspiration — Knauer-Fischer  S,  Ratjen  F.  Pe- 
diatr Pulmonol  1999  Jun;27(6):4 19-422. 

An  increased  lipid  content  in  alveolar  macro- 
phages of  bronchoalveolar  lavage  (BAD  fluid 
is  thought  to  be  a  useful  indicator  for  recurrent 
pulmonary  aspiration.  To  assess  whether  pul- 
monary diseases  unrelated  to  aspiration  can  raise 
the  lipid  content  in  alveolar  macrophages,  we 
evaluated  Oil-Red-O-stained  smears  of  BAL 
fluid  in  18  children  aged  3-15  years  undergoing 
elective  surgery  for  nonpulmonary  illnesses  un- 
der general  anesthesia  and  in  18  children  aged 
1-16  years  who  had  pulmonary  diseases  with- 
out clinical  evidence  of  aspiration  (pneumonia, 
exogenous  allergic  alveolitis,  or  cystic  fibro- 
sis). A  semiquantitative  lipid-laden  macrophage 
(LLM)  index  was  determined  for  each  patient. 
LLM  indices  in  children  without  pulmonary  dis- 
ease were  higher  than  those  published  for  healthy 
adults.  In  children  with  pulmonary  diseases  but 
without  evidence  of  aspiration,  a  significantly 
higher  LLM  index  was  observed  compared  to 


controls.  The  LLM  indices  of  children  with  pul- 
monary diseases  were  similar  to  those  published 
by  other  authors  for  children  with  pulmonary 
aspiration.  We  conclude  that  an  elevated  LLM 
index  in  alveolar  macrophages  of  BAL  can  be 
found  in  a  variety  of  pulmonary  diseases  in 
which  there  is  no  clinical  evidence  of  aspiration 
and  is  therefore  unlikely  to  be  a  specific  param- 
eter for  silent  pulmonary  aspiration. 

Relation  Between  Pulse  Oximetry  and  Clin- 
ical Score  in  Children  with  Acute  Wheezing 
Less  Than  24  Months  of  Age — Pavon  D,  Cas- 
tro-Rodriguez JA,  Rubilar  L,  Girardi  G.  Pediatr 
Pulmonol  1999  Jun;27(6):423-427. 

The  aim  of  this  study  was  to  determine  the 
relation  between  transcutaneous  hemoglobin  ox- 
ygen saturation,  measured  by  pulse  oximetry 
(Spo,),  and  clinical  score  values  in  138  infants 
(mean  ±  SD.  6.6  ±  5.5  months  of  age)  with 
acute  wheezing  episodes  presenting  in  a  pri- 
mary care  outpatient  setting.  A  single  investi- 
gator evaluated  the  severity  of  the  acute  wheez- 
ing episodes  by  assigning  a  clinical  score  and 
was  unaware  of  the  Spo,  values.  Another  inves- 
tigator measured  S^,  values  on  all  subjects. 
The  mean  (±  SD)  S^,  value  was  98.2  ±1.1% 
for  children  with  clinical  scores  of  2-5  (n  = 
32);  95.41  ±  1.5%  for  those  with  scores  of  6-7 
(n  =  82),  and  92.9  ±  2%  for  children  with 
scores  of  8-10  (n  =  24),  (p  <  0.001  by  Bon- 
ferroni's  multiple  comparison,  when  all  two- 
way  comparisons  were  done  for  each  pair  of 
results).  The  clinical  score  showed  a  good  cor- 
relation with  Spo,  (r  =  -0.76;  95%  CI,  -0.83  to 
-0.68).  We  conclude  that  if  pulse  oximetry  is 
not  available,  it  is  advisable  to  include  oxygen 
in  the  therapy  of  wheezy  infants  with  clinical 
scores  values  >  8. 

The  Efficacy  of  Exercise  as  an  Aid  for  Smok- 
ing Cessation  in  Women:  A  Randomized  Con- 
trolled Trial— Marcus  BH.  Albrecht  AE,  King 
TK,  Parisi  AF,  Pinto  BM,  Roberts  M.  Niaura 
RS,  Abrams  DB.  Arch  Intern  Med  1999  Jun 
14;  1 59(1 1):  1 229- 1 234. 

BACKGROUND:  Smoking  prevalence  rates 
among  women  are  declining  at  a  slower  rate 
than  among  men.  OBJECTIVE:  To  determine 
if  exercise,  a  healthful  alternative  to  smoking, 
enhances  the  achievement  and  maintenance  of 
smoking  cessation.  METHODS:  Two  hundred 
eighty-one  healthy,  sedentary  female  smokers 
were  randomly  assigned  to  either  a  cognitive- 
behavioral  smoking  cessation  program  with  vig- 
orous exercise  (exercise)  or  to  the  same  pro- 
gram with  equal  staff  contact  time  (control). 
Subjects  participated  in  a  12-session,  group- 
based  smoking  cessation  program.  Additionally, 
exercise  subjects  were  required  to  attend  3  su- 
pervised exercise  sessions  per  week  and  control 
subjects  were  required  to  participate  in  3  super- 
vised health  education  lectures  per  week.  Ab- 
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stinence  from  smoking  was  based  on  self-re- 
port, was  verified  by  saliva  cotinine  level,  and 
was  measured  at  1  week  after  quit  day  (week 
5),  end  of  treatment  (week  12),  and  3  and  12 
months  later  (20  and  60  weeks  after  quit  day, 
respectively).  RESULTS:  Compared  with  con- 
trol subjects  (n  =  147),  exercise  subjects  (n  = 
1 34)  achieved  significantly  higher  levels  of  con- 
tinuous abstinence  at  the  end  of  treatment 
(19.4%  vs  10.2%,  p  =  0.03)  and  3  months 
(16.4%  vs  8.2%,  p=0.03)  and  1 2  months  ( 1 1 .9% 
vs  5.4%,  p=0.05)  following  treatment.  Exer- 
cise subjects  had  significantly  increased  func- 
tional capacity  (estimated  V(),  peak,  25  ±  6  to 
28  ±  6,  p<0.01 )  and  had  gained  less  weight  by 
the  end  of  treatment  (3.05  vs  5.40  kg,  p  = 
0.03).  CONCLUSIONS:  Vigorous  exercise  fa- 
cilitates short-  and  longer-term  smoking  cessa- 
tion in  women  when  combined  with  a  cogni- 
tive-behavioral smoking  cessation  program. 
Vigorous  exercise  improves  exercise  capacity 
and  delays  weight  gain  following  smoking 
cessation. 


Sex  Differences  Among  Adults  Presenting  to 
the  Emergency  Department  with  Acute 
Asthma.  Multicenter  Asthma  Research  Col- 
laboration Investigators — Singh  AK,  Cydulka 
RK,  Stahmer  SA,  Woodruff  PG,  Camargo  CA 
Jr.  Arch  Intern  Med  1 999  Jun  1 4;  1 59(  1 1 ):  1 237- 
1243. 

BACKGROUND:  Asthma  is  an  increasing  prob- 
lem worldwide,  particularly  among  women.  Sex 
differences  in  acute  asthma  presentation,  man- 
agement, or  outcome  would  have  important 
medical  and  economic  implications.  OBJEC- 
TIVE: To  compare  emergency  department  (ED) 
visits  for  acute  asthma  among  women  vs  men. 
METHODS:  We  performed  a  prospective  co- 
hort study  as  part  of  the  Multicenter  Asthma 
Research  Collaboration.  Patients  in  the  ED,  aged 
1 8  to  54  years,  who  presented  with  acute  asthma 
underwent  a  structured  interview  in  the  ED  and 
another  by  telephone  2  weeks  later.  The  study 
was  performed  at  36  EDs  in  18  states.  Pregnant 
women  with  asthma  were  excluded  (n =53).  RE- 
SULTS: Of  1228  patients,  64.3%  were  women. 
Women  did  not  differ  significantly  from  men 
by  age  or  education  level,  but  women  were  more 
likely  to  be  insured,  have  a  primary  care  pro- 
vider, and  use  inhaled  corticosteroids.  Women 
had  a  higher  mean  ±SD  peak  expiratory  flow 
rate  than  men,  both  early  (expressed  as  percent 
predicted)(53%±21%vs41%±l8%;p<0.001) 
and  late  (77%±24%  vs  65%±21%;  p<0.00l) 
in  the  ED  stay.  Despite  this,  women  were  more 
likely  to  be  admitted  to  a  hospital  (multivariate 
odds  ratio,  2.2;  95%  confidence  interval;  1.3- 


4.0)  than  men.  At  2-week  follow-up,  women 
had  not  experienced  more  relapse  events  (odds 
ratio,  1.1)  but  were  1.5  times  more  likely  to 
report  an  ongoing  exacerbation  (95%  confidence 
interval;  1.0-2.4).  CONCLUSIONS:  Of  adults 
who  presented  to  the  ED  with  acute  asthma, 
women  were  almost  twice  as  common  as  men. 
Although  men  received  less  outpatient  care  and 
had  worse  pulmonary  function,  women  were 
more  likely  to  be  admitted  to  the  hospital  and  to 
report  an  ongoing  exacerbation  at  follow-up. 
Further  studies  are  needed  to  better  understand 
the  complex  relationship  between  sex  and  acute 
asthma. 


Effect  of  Cigar  Smoking  on  the  Risk  of  Car- 
diovascular Disease,  Chronic  Obstructive 
Pulmonary  Disease,  and  Cancer  in  Men — 

Iribarren  C,  Tekawa  IS,  Sidney  S,  Friedman 
GD.  N  Engl  J  Med  1999  Jun  10;340(23):1773- 
1780. 

BACKGROUND:  The  sale  of  cigars  in  the 
United  States  has  been  increasing  for  the  past 
six  years.  Cigar  smoking  is  a  known  risk  factor 
for  certain  cancers  and  for  chronic  obstructive 
pulmonary  disease  (COPD).  However,  unlike 
the  relation  between  cigarette  smoking  and  car- 
diovascular disease,  the  association  between  ci- 
gar smoking  and  cardiovascular  disease  has  not 
been  clearly  established.  METHODS:  We  per- 
formed a  cohort  study  among  17,774  men  30  to 
85  years  of  age  at  baseline  (from  1964  through 
1973)  who  were  enrolled  in  the  Kaiser  Perma- 
nente  health  plan  and  who  reported  that  they 
had  never  smoked  cigarettes  and  did  not  cur- 
rently smoke  a  pipe.  Those  who  smoked  cigars 
(1546  men)  and  those  who  did  not  (16,228) 
were  followed  from  1971  through  the  end  of 
1995  for  a  first  hospitalization  for  or  death  from 
a  major  cardiovascular  disease  or  COPD,  and 
through  the  end  of  1996  for  a  diagnosis  of  can- 
cer. RESULTS:  In  multivariate  analysis,  cigar 
smokers,  as  compared  with  nonsmokers,  were 
at  higher  risk  for  coronary  heart  disease  (rela- 
tive risk,  1.27;  95  percent  confidence  interval, 
1.12  to  1.45),  COPD  (relative  risk,  1.45;  95 
percent  confidence  interval,  1.10  to  1.91),  and 
cancers  of  the  upper  aerodigestive  tract  (rela- 
tive risk,  2.02;  95  percent  confidence  interval, 
1.01  to  4.06)  and  lung  (relative  risk,  2.14;  95 
percent  confidence  interval,  1.12  to  4.1 1),  with 
evidence  of  dose-response  effects.  There  ap- 
peared to  be  a  synergistic  relation  between  ci- 
gar smoking  and  alcohol  consumption  with  re- 
spect to  the  risk  of  oropharyngeal  cancers  and 
cancers  of  the  upper  aerodigestive  tract.  CON- 
CLUSIONS: Independently  of  other  risk  fac- 
tors, regular  cigar  smoking  can  increase  the  risk 


of  coronary  heart  disease,  COPD,  and  cancers 
of  the  upper  aerodigestive  tract  and  lung.  See 
the  related  editorial:  Cigars  and  Public  Health. 
Satcher  D.  N  Engl  J  Med  1999  Jun  10;340(23): 
1829-1831. 

Initial  Serum  Ferritin  Levels  in  Patients  with 
Multiple  Trauma  and  the  Subsequent  Devel- 
opment of  Acute  Respiratory  Distress  Syn- 
drome— Sharkey  RA,  Donnelly  SC,  Connelly 
KG,  Robertson  CE,  Haslett  C,  Repine  JE.  Am  J 
Respir  Crit  Care  Med  1999  May;  159(5  Pt  1): 
1506-1509. 

Acute  respiratory  distress  syndrome  (ARDS) 
represents  a  catastrophic  form  of  inflammatory 
lung  injury  that  occurs  unpredictably  in  some, 
but  not  all,  at-risk  patients.  In  this  study,  we 
investigated  serum  ferritin  as  a  marker  for  ARDS 
development  in  a  homogenous  group  of  patients 
at-risk  because  of  multiple  trauma.  We  hypoth- 
esized that  since  ferritin  synthesis  is  increased 
by  proinflammatory  cytokines,  which  are  in- 
creased and  implicated  in  ARDS,  that  ferritin 
levels  would  increase  and  that  ferritin  increases 
would  correlate  with  the  degree  of  inflamma- 
tion and  therefore  the  development  of  ARDS. 
We  studied  42  patients  (25  male,  17  female) 
who  as  a  consequence  of  multiple  trauma  be- 
came at-risk  for  developing  ARDS.  Using  the 
European/American  Consensus  definition  for 
ARDS,  16  (38%)  patients  subsequently  devel- 
oped ARDS  (11  male  and  five  female).  We 
found  that  initial  serum  ferritin  levels  corre- 
lated with  the  subsequent  development  of  both 
ARDS  (progression  to  ARDS,  median  =  638 
ng/mL;  (range,  70  to  4,500)  versus  nonprogres- 
sion  to  ARDS  =  1 85  ng/mL;  range,  1 2  to  2,850) 
(p  =  0.02,  r  =  -0.27)  and  multiple  organ  failure 
(p  <  0.05,  r  =  0.39).  Using  our  previously 
established  cutoff  points  for  serum  ferritin,  the 
positive  predictive  value  was  62%  for  men  and 
75%  for  women.  Initial  serum  ferritin  levels 
also  correlated  with  a  measurement  of  the  de- 
gree of  initial  trauma  injury,  i.e.,  the  injury  se- 
verity score  (ISS)  (p  <  0.05,  r  =  0.37).  How- 
ever, there  was  no  correlation  between  serum 
ferritin  levels  and  other  markers  of  clinical  in- 
jury, namely,  lowest  Pa0/F]0,  ratio  (p  =  0.67), 
days  requiring  ventilation  (p  =  0.09),  or  mor- 
tality (p  =  0.42).  A  significant  association  ex- 
isted between  serum  ferritin  levels  and  products 
of  endothelial  activation,  i.e.,  sE-selectin  (p  < 
0.04,  r  =  0.37)  and  sICAM-1  (p  <  0.01,  r  = 
0.21).  In  the  future,  with  the  development  of 
novel  anti-inflammatory  therapies,  early  iden- 
tification of  specific  high-risk  patients  would 
allow  the  institution  of  these  therapies  and 
thereby  increase  the  chances  of  reducing  ARDS 
morbidity  and  mortality. 
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The  ability  to  sense  pain  is  important  for  survival,  be- 
cause pain  is  a  warning  to  protect  an  injured  area  against 
further  damage.  Pain  triggers  autonomic  responses  that 
have  widespread  effects  on  metabolism,  immune  function, 
and  the  cardiovascular  system.  The  stress  produced  by 
pain  can  lead  to  hypertension,  tachycardia,  myocardial  isch- 
emia, and  myocardial  infarction.  Pain  is  a  subjective,  pow- 
erful, unpleasant  experience  and  is  imbued  with  strong 
emotional  significance,  because  it  can  mean  loss  of  func- 
tion, disintegration  of  physical  appearance,  suffering,  and 
death.  It  is  difficult  to  measure  pain  objectively,  and  indi- 
vidual responses  to  the  same  degree  of  injury  vary  widely. 
Fear  and  pain  are  frequent  adverse  effects  of  many  clinical 
interventions,  and  both  the  physical  and  emotional  com- 
ponents of  the  pain  experience  associated  with  clinical 
interventions  can  increase  morbidity  and  mortality.  Thus, 
minimizing  fear  and  pain  is  an  important  part  of  clinical 
care. 

Many  approaches  are  available  to  minimize  the  unpleas- 
ant aspect  of  diagnostic  and  therapeutic  procedures.  Pa- 
tient preparation,  education,  relaxation  exercises,  hypno- 
sis, and  drugs  may  be  useful.  Conscious  sedation  (CS) 
refers  to  the  pharmacological  mitigation  of  pain  and  fear 
during  medical  procedures.  Improved  patient  comfort  and 
outcome  are  the  goals  of  sedation,  and,  ideally,  sedated 
patients  should  remain  conscious  and  able  to  communi- 
cate, to  protect  their  own  airway,  and  to  breath  adequately. 
However,  because  of  variations  in  patient  responses,  con- 
sciousness may  be  lost  during  sedation. 

Institutional  standards  for  safe  and  effective  provision 
of  CS  are  required  by  the  Joint  Commission  for  Accredi- 
tation of  Health  Care  Organizations,  and  other  regulatory 
agencies.  These  standards  must  be  adhered  to  throughout 
the  institution,  whether  sedation  is  provided  by  a  nurse, 
anesthesiologist,  or  other  health  care  provider.  Many  con- 
cerned groups  have  developed  guidelines  for  providing 
safe  CS.  Respiratory  therapists  should  understand  sedative 
and  analgesic  pharmacology  and  actively  participate  in 
provision  of  CS.1  Since  most  of  the  complications  of  CS 
relate  to  airway  compromise,  respiratory  therapists  are 
uniquely  qualified  to  safeguard  patients  and  improve  out- 
comes during  CS. 

Most  guidelines  and  many  clinical  reports  differentiate 
several  levels  of  sedation.  Often  a  distinction  is  drawn 
between  "conscious"  and  "deep"  sedation.2  However,  the 
progression  from  "conscious  sedation"  to  "deep  sedation" 


to  "general  anesthesia"  is  often  difficult  to  control  clini- 
cally, and  each  level  involves  increased  risks  and  requires 
more  intensive  monitoring  and  support.  Table  1  shows  the 
definitions  of  these  states  and  provides  suggested  require- 
ments for  monitoring. 

All  published  standards  insist  on  the  presence  of  more 
than  one  health  care  provider  during  the  period  of  sedation 
(at  least  the  operator  and  a  monitoring  assistant).  The  Amer- 
ican Dental  Society  of  Anesthesiology  Guidelines  suggest 
that  deep  sedation  and  general  anesthesia  are  indistinguish- 
able and  that  at  least  3  qualified  people  must  be  continu- 
ally present  during  the  sedation  period.1  These  standards 
also  suggest  that  one  person  must  have  as  their  sole  re- 
sponsibility continual  patient  monitoring  and  recording  of 
vital  signs.  The  guidelines  suggest  that  the  additional  in- 
dividual be  an  "anesthesia  assistant,  anesthesia  technician, 
nurse,  physician  (anesthesiologist),  or  dentist."  Other  sec- 
tions of  these  guidelines  deal  with  the  need  to  continually 
assess  and  assure  oxygenation,  ventilation,  and  tempera- 
ture maintenance.  Although  suggestions  are  offered  as  to 
how  to  monitor  these  vital  functions,  the  decision  of  whether 
to  use  a  particular  device  and  the  frequency  of  observa- 
tions are  left  to  the  responsible  clinician.4  What  is  not  left 
to  the  discretion  of  the  dentist  is  the  number  of  personnel 
necessary  and  the  fact  that  they  must  be  specially  qualified 
and  assigned  to  monitor  only  a  single  patient's  vital  func- 
tions and  progress  of  sedation.  There  must  be  resuscitation 
equipment  immediately  available  and  individuals  trained 
to  use  it.  Dentists  are  required  to  be  competent  at  provid- 
ing CS  as  part  of  advanced  dental  practice.  A  proposed 
curriculum  includes  a  minimum  of  60  hours  of  instruction 
and  100  hours  of  supervised  practice  in  CS.5 

The  Association  of  Operating  Room  Nurses'  proposed 
standards  for  monitoring  patients  receiving  intravenous  CS6 
include  the  requirement  that  the  person  managing  the  care 
of  the  patient  "should  have  no  other  responsibilities  that 
would  leave  the  patient  unattended  or  compromise  contin- 
uous monitoring."  The  need  for  specially  qualified  person- 
nel is  implied  by  the  requirement  that  the  nurse  be  able  to 
provide  airway  management  skills  and  "may  be  required 
to  be  ACLS  (Advanced  Cardiac  Life  Support)  certified." 
Resuscitation  equipment  is  explicitly  required.  Require- 
ments for  monitoring  and  the  frequency  of  recording  of 
vital  signs  are  referenced  to  certified  nurse  anesthetist  ma- 
terials. 
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Table  I.      Monitoring  Requirements  for  Various  Levels  of  Sedation 


Level  of  sedation 


Definition 


Suggested  monitors 


Conscious  sedation 


Deep  sedation 


General  anesthesia 


Minimally  depressed  level  of  consciousness.  Patient  retains  ability  to 
maintain  airway  independently  and  continuously  and  to  respond  to 
physical  stimulation  and  verbal  command. 

Depressed  consciousness  accompanied  by  partial  loss  of  protective 
reflexes  and  inability  to  respond  purposefully  to  verbal  command. 


Unconsciousness  accompanied  by  partial  or  complete  loss  of  protective 
reflexes  and  inability  to  maintain  an  airway  independently. 


•  Dedicated  monitoring  assistant 

•  Pulse  oximetry 

•  Intravenous  access 

•  Blood  pressure  measurement  every  15  minutes 

•  Skilled  airway  person 

•  Monitoring  and  recording  person 

•  Intravenous  access 

•  Pulse  oximetry 

•  Continuous  electrocardiogram  monitoring 

•  Blood  pressure  measurement  every  5  minutes 

•  Anesthesia  personnel 

•  Anesthesia  assistant 

•  Intravenous  access 

•  Pulse  oximetry 

•  Carbon  dioxide  measurement  device 

•  Continuous  electrocardiogram  monitoring 

•  Blood  pressure  measurement  every  5  minutes 

•  Other  requirements  dictated  by  patient's 

physiological  condition 


Conducting  painful  procedures  with  pediatric  patients 
engenders  considerable  anxiety  for  caregivers.  Because 
children  are  frequently  uncooperative,  sedation  is  often 
needed  in  order  to  perform  procedures  safely.7-8  Various 
bodies  have  proposed  monitoring  standards  for  sedation  of 
children.910  The  need  for  specific  guidelines  for  evalua- 
tion, patient  consent,  monitoring,  and  collaboration  with 
anesthesiology  departments  has  been  advocated. ' '  Having 
a  responsible  individual  overseeing  the  sedation  and  mon- 
itoring the  patient  is  an  essential  part  of  these  suggestions. 
These  and  other  guidelines  for  sedation  of  children  explic- 
itly require  that  the  person  monitoring  the  child  during 
sedation  have  the  ability  to  treat  airway  and  other  emer- 
gencies.12-13 

Gastrointestinal  endoscopy  is  an  uncomfortable  proce- 
dure often  performed  under  sedation,'415  and  complica- 
tions from  the  procedure  and  sedation  are  frequently  re- 
ported. The  British  Society  of  Gastroenterology's  standards 
for  monitoring  and  sedation  during  and  following  endos- 
copy16 require  patient  risk  assessment  (using  the  American 
Society  of  Anesthesiologists'  patient  classification  system); 
that  personnel  have  resuscitation  skills;  continuous  moni- 
toring; and  specific  monitoring  equipment  (eg,  pulse  oxim- 
etry) recommendations  for  high-risk  patients. 

The  British  Thoracic  Society's  Standards  of  Care  Com- 
mittee's guidelines  for  care  during  bronchoscopy  require 
oxygenation  monitoring  (pulse  oximetry),  an  intravenous 
line,  resuscitation  equipment,  and  personnel  with  resusci- 
tation skills.17  The  use  of  anesthetic  agents  (eg,  propofol) 
are  specifically  excluded  from  the  usual  practice,  unless 
anesthesiology  personnel  are  participating  in  the  process.18 


From  the  above  summaries  of  existing  CS  guidelines, 
several  common  recommendations  are  apparent: 

1.  The  person  conducting  the  procedure  cannot  be  the 
person  monitoring  and/or  sedating  the  patient. 

2.  Intravenous  access  is  the  preferred  means  of  admin- 
istering sedative,  because  with  this  method  the  onset  and 
cessation  of  the  sedative  effects  are  rapid  and  titration  to 
the  desired  level  is  predictable. 

3.  The  ability  to  establish  and  maintain  an  artificial 
airway  must  be  available  immediately  whenever  sedation 
is  initiated.  The  inability  to  provide  this  level  of  expertise 
is  a  contraindication  to  CS. 

4.  Airway  and  resuscitation  equipment  and  personnel 
with  competence  in  using  it  must  also  be  immediately 
available. 

Who  should  participate  in  CS?  The  need  for  individuals 
with  patient  assessment  skills,  monitoring  competencies, 
and  airway  skills  could  easily  be  filled  by  experienced 
respiratory  therapists.  The  assistant  role  is  often  filled  by 
a  nurse,  but  a  nurse  might  not  have  the  required  airway 
skills.  Most  experienced  nurses  can  start  intravenous  in- 
fusions, administer  intravenous  medications,  monitor  pa- 
tients, and  assess  the  level  of  sedation.  Can  a  respiratory 
therapist  perform  these  tasks?  With  additional  training  and 
experience,  respiratory  therapists  can  become  competent 
in  inserting  intravenous  catheters  and  titrating  analgesics 
and  sedatives  according  to  a  physician's  direction.  Seda- 
tion scales  based  on  the  patient's  responsiveness  can  be 
used  to  assess  and  record  the  progress  of  sedation.19 

Only  a  few  states  currently  allow  respiratory  therapists 
to  perform  all  these  functions,  but  most  states  allow  them 
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to  perform  many  of  these  activities.  Respiratory  therapists 
often  provide  airway  skills  on  an  emergency  basis  to  pa- 
tients receiving  CS,  and  they  monitor  and  support  patients 
on  mechanical  ventilation  during  procedures,  so  it  is  a 
logical  extension  that  they  should  provide  care  during  ad- 
ministration of  CS.  The  ideal  situation  may  be  to  have  both 
a  respiratory  therapist  and  a  nurse  involved  in  CS  proce- 
dures. However,  financial  considerations  may  limit  the 
number  of  individuals  involved  in  the  procedure,  and  if 
only  one  additional  person  can  be  present,  there  are  com- 
pelling reasons  for  employing  a  respiratory  therapist  as  the 
sedation  assistant.  The  American  Association  for  Respira- 
tory Care  has  endorsed  the  use  of  respiratory  therapists  for 
CS.  Reference  is  made  to  "Practice  guidelines  for  sedation 
and  analgesia  by  nonanesthesiologists"  for  suggestions  in 
the  structure  of  training  of  practitioners  for  sedation  and 
analgesia.20  By  developing  expertise  in  this  emerging  field, 
respiratory  therapists  can  improve  the  safety  and  quality  of 
patient  care. 

Charles  G  Durbin  Jr  MD 

Department  of  Anesthesiology 

University  of  Virginia  Health  Science  Center 

Charlottesville,  Virginia 
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Comparison  of  Conventional  Heated  Humidification  with  a  New 

Active  Hygroscopic  Heat  and  Moisture  Exchanger  in 

Mechanically  Ventilated  Patients 

Richard  D  Branson  RRT,  Robert  S  Campbell  RRT,  Jay  A  Johannigman  MD, 
Michael  Ottaway  EMT-P,  Kenneth  Davis  Jr  MD,  Fred  A  Luchette  MD,  and  Scott  Frame  MD 

BACKGROUND:  Humidification  has  traditionally  been  supplied  by  heated  humidifiers  and,  more 
recently,  passive  humidifiers.  We  compared  a  new  active  heat  and  moisture  exchanger  (AHME)  to 
traditional  heated  humidification  (HH)  and  heated  humidification  with  a  heated  wire  circuit 
(HH+HWC).  DEVICE  STUDIED:  The  AHME  (Humid  Heat,  Louis  Gibeck  AB,  Sweden)  uses  a 
hygroscopic  heat  and  moisture  exchanger  (HHME)  combined  with  a  heat  and  water  source.  The 
HHME  is  modified  to  include  a  cone-shaped  housing  between  the  media  and  the  patient.  A  control 
unit  pumps  water  to  a  wick  inside  the  housing,  based  on  the  set  value  for  the  patient's  minute 
volume.  The  cone-shaped  HHME  is  inserted  into  an  exterior  heater,  which  only  heats  the  area 
around  the  wick.  The  system  is  designed  to  provide  an  air  temperature  of  37°  C.  A  temperature 
probe  monitors  airway  temperature.  METHODS:  Following  informed  consent  from  the  next  of  kin, 
30  patients  requiring  mechanical  ventilation  for  >  72  hours  were  studied.  Patients  were  ventilated 
using  HH,  HH+HWC,  and  AHME  in  random  order  for  24  hours  each.  AH  devices  were  set  to 
deliver  gas  at  37°  C  at  the  proximal  airway.  Daily  measurements  were  made  of  minimum  and 
maximum  body  temperatures,  number  of  suctioning  procedures,  volume  and  quality  of  secretions, 
volume  of  instilled  saline,  number  of  times  condensate  was  drained  from  the  circuit,  water  usage, 
and  circuit  disconnections.  Resistance  of  the  HHME  portion  of  the  AHME  was  measured  before 
and  after  use.  Measurements  of  relative  humidity  and  temperature  at  the  endotracheal  tube  were 
made  daily.  RESULTS:  There  were  no  differences  related  to  the  indices  of  adequate  humidification 
(secretion  volume  and  consistency,  number  of  suctioning  attempts,  or  volume  of  saline  used).  All 
devices  provided  similar  measured  airway  temperatures  and  humidity.  There  were  also  no  differences 
in  the  daily  minute  volume  or  bias  flow  for  flow-triggering.  There  were  significant  differences  between 
devices  in  water  usage  per  24  hours  (HH  =  2039  ±  387  mL,  HH+HWC  =  766  ±  281  mL,  AHME  = 
135  mL  ±  53  mL,  p  <  0.001).  The  volume  of  condensate  was  also  significantly  less  for  the  HH+HWC 
and  AHME,  compared  to  HH  (HH  =  930  ±  271  mL,  HH+HWC  =  12  ±  6,  and  AHME  =  1  ±  3  mL, 
p  <  0.001).  AHME  resistance  was  relatively  unchanged  from  start  to  finish  (1.7  ±  0.1  cm  H20/L/s  vs 
23  ±  0.8  cm  H20/L/s).  CONCLUSIONS:  In  this  preliminary  study,  the  new  AHME  provided  similar 
humidification  to  traditional  HH  and  HH+HWC,  but  with  significantly  lower  water  usage  and  less 
condensate  than  HH  or  HH+HWC.  Disadvantages  of  the  AHME  system  include  added  dead  space  (73 
mL)  and  more  weight  on  the  endotracheal  tube.  However,  if  a  flex  tube  is  used  in  the  HH  system,  only 
54  mL  of  dead  space  is  added.  [Respir  Care  1 999;44(8):9 1 2 — 9 1 7]  Key  words:  humidification,  hygroscopic 
heat  and  moisture  exchanger,  heated  wire  circuit,  mechanical  ventilation. 


Introduction 

Humidification  of  inspired  gases  during  mechanical  ven- 
tilation is  a  standard  of  care.1-2  During  the  past  4  decades 
the  most  common  technique  for  providing  humidity  during 


ventilatory  support  has  been  heated  humidification  (HH). 
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During  the  1990s,  HH  with  heated  wire  circuits 
(HH  +  HWC)  to  reduce  circuit  condensation  has  become 
popular.  More  recently,  passive  humidifiers  or  artificial 
noses  have  been  successfully  used  with  certain  patients.3-5 
Shelley  introduced  the  concept  of  an  active  HME  in 
1991.6  The  active  heat  and  moisture  exchanger  (AHME) 
combines  the  passive  operation  of  a  hygroscopic  heat  and 
moisture  exchanger  (HHME)  with  additional  heat  and  mois- 
ture supplied  by  a  heater  and  water  source.  This  year  an 
AHME  (the  Humid-Heat  by  Louis  Gibeck  AB,  Sweden) 
has  been  introduced  for  clinical  use.  This  preliminary  study 
was  designed  to  compare  short-term  humidification  per- 
formance by  HH  and  HH  +  HWC  devices  and  this  new 
AHME  device. 

Materials  and  Methods 

The  study  proposal  was  reviewed  by  the  Institutional 
Review  Board  governing  human  research  and  approved 
for  the  entry  of  30  patients.  All  patients  requiring  mechan- 
ical ventilation  for  >72  hours  in  the  surgical  intensive  care 
unit  at  the  University  of  Cincinnati  were  eligible  for  par- 
ticipation, and  written  informed  consent  was  obtained  from 
the  next  of  kin  prior  to  study  initiation. 

Three  methods  of  humidification  were  studied  in  ran- 
dom sequence  for  a  period  of  24  hours  each:  (1)  heated 
humidification  with  a  nonheated  wire  circuit  set  to  deliver 
gas  at  37°  C  at  the  proximal  airway  (MR-730  humidifier, 
Fisher  and  Paykel,  Auckland,  New  Zealand);  (2)  heated 
humidification  with  a  dual-heated  wire  circuit  set  to  de- 
liver gas  at  37°  C  at  the  Y-piece  with  a  temperature  of  35° 
C  in  the  humidification  chamber  (MR-730  humidifier, 
Fisher  and  Paykel,  Auckland,  New  Zealand);  and  (3)  an 
active  heat  and  moisture  exchanger  (Humid-Heat,  Louis 
Gibeck  AB,  Sweden)  set  to  deliver  gas  at  37°  C  at  the 
proximal  airway.  Chambers  for  the  heated  humidification 
systems  were  the  same,  and  an  automatic  float-feed,  water 
supply  system  was  used.  Extension  (flex)  tubes  between 
the  Y-piece  and  the  artificial  airway  were  used  only  in 
patients  with  tracheostomies. 

The  following  evaluations  were  performed  during  each 
period  of  ventilatory  support.  Daily  minimum  and  maxi- 
mum body  temperatures  were  determined  from  bedside 
flow  sheets  and  recorded.  Suctioning  was  performed  on  an 
as-needed  basis  by  respiratory  care  and  nursing  staff.  Suc- 
tioning was  indicated  when  secretions  were  present  in  the 
tracheal  tube,  upon  audible  evidence  of  secretions,  or  when 
auscultation  revealed  rhonchi.  Suctioning  was  performed 
using  an  open  circuit  technique  and  single-use  catheters 
via  the  sterile  technique.  The  number  of  suctioning  at- 
tempts per  day  was  recorded,  as  well  as  the  volume  and 
quality  of  secretions,  and  the  volume  of  instilled  normal 
saline.  Secretion  volume  was  measured  by  collecting  se- 
cretions in  a  graduated  trap  in-line  with  the  suction  tubing. 


Instilled  saline  was  measured  by  counting  the  number  of 
unit  dose  (5  mL)  vials  used.  Secretion  quality  was  based 
on  the  scheme  of  Suzukawa  et  al,7  as  follows:  ( 1 )  thin 
(following  the  suctioning  procedure,  the  catheter  appears 
clean);  (2)  moderate  (following  the  suctioning  procedure, 
secretions  adhere  to  the  side  of  the  catheter  but  are  easily 
removed  by  aspirating  saline  through  the  catheter),  or  (3) 
thick  (following  the  suctioning  procedure,  secretions  ad- 
here to  the  catheter  and  are  not  removed  by  aspirating 
saline  through  the  catheter). 

We  also  recorded  the  number  of  circuit  disconnections 
per  day.  A  circuit  disconnection  was  defined  as  any  inter- 
ruption of  the  circuit,  including  suctioning  attempts,  emp- 
tying condensate,  changing  the  circuit  or  circuit  compo- 
nents, removal  of  the  AHME  for  bronchodilator  treatments, 
and  any  other  circumstance  where  the  circuit  was  violated. 
Water  usage  was  determined  by  weighing  the  water  bags 
on  an  analytical  balance  prior  to  and  after  24  hours  of  use. 

Temperature  and  humidity  were  measured  daily  using  a 
rapid  response  thermistor  and  capacitance  hygrometer.  The 
hygrometer  (Gibeck  Humidity  Sensor  System,  Louis  Gi- 
beck AB,  Sweden)  is  a  capacitance  device  with  an  accu- 
racy of  ±  4%  relative  humidity  and  ±  1%  temperature. 
The  90%  response  time  for  relative  humidity  is  1.4  sec- 
onds, and  the  90%  response  time  for  temperature  is  less 
than  150  milliseconds.  The  sampling  rate  of  the  device  is 
2 1  Hz.  Prior  to  use,  the  hygrometer  was  calibrated  using 
saturated  solutions  of  sodium  chloride  and  lithium  chlo- 
ride. Signals  from  the  hygrometer  were  imported  to  a  per- 
sonal computer  via  an  analog-to-digital  converter.  Real 
time  measurements  of  temperature  and  humidity  were 
graphically  displayed  and  the  inspired  humidity  measured 
as  the  mean  value  from  the  beginning  of  inspiration  to  the 
end  of  inspiration.  Absolute  humidity  was  calculated  from 
relative  humidity  and  temperature  according  to  the  follow- 
ing formula: 

AH  =  (3.939  +  0.5019T  +  0.000046 1 5T2  + 
0.0004 188T3)  X  RH/100 

where  AH  is  absolute  humidity,  T  is  temperature,  and  RH 
is  relative  humidity. 

Resistance  of  the  HHME  portion  of  the  AHME  was 
measured  in  the  laboratory  by  directing  flow  from  a  rota- 
meter at  1.0  L/s  through  the  device  and  measuring  the 
pressure  drop  with  a  differential  pressure  transducer.  This 
test  was  made  immediately  after  opening  the  device  pack- 
aging, and  again  after  24  hours  of  use.  After  use,  the 
HHME  portion  of  the  device  was  placed  in  a  sealed  plastic- 
bag  to  prevent  evaporation  of  moisture  from  the  device, 
and  transported  to  the  laboratory  for  testing. 

Statistical  analysis  was  performed  using  analysis  of  vari- 
ance to  determine  differences  between  devices.  A  p  < 
0.05  was  considered  statistically  significant. 
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Fig.  1.  Active  heat  and  moisture  exchanger.  Control  unit  controls 
both  temperature  and  water  supply.  Hygroscopic  heat  and  mois- 
ture exchanger  (forefront  of  picture),  surrounded  by  the  heating 
unit,  is  placed  between  the  ventilator  circuit  and  the  artificial  airway. 


Device  Description 

The  AHME  combines  a  hygroscopic  heat  and  moisture 
exchanger  with  a  heated  humidifier  (Fig.  1  and  2).  The 
components  consist  of  the  HHME,  a  temperature  and  wa- 
ter supply  control  unit,  a  water  source  and  feed  line,  a  heat 
source,  and  a  temperature  probe.  The  HHME  is  modified 
such  that  connected  to  the  hygroscopically-treated,  corru- 
gated paper  media  is  a  cone-shaped  portion  that  contains  a 
wick  lining  the  circumference  of  the  internal  surface.  The 
control  unit  pumps  water  onto  the  wick.  The  cone-shaped 
portion  of  the  HHME  is  inserted  into  the  heat  source. 
During  inspiration,  gas  travels  from  the  ventilator  source 
through  the  paper  media  in  the  cone-shaped  portion,  in 
which  additional  heat  and  moisture  is  added  to  the  inspired 
gas  from  the  wick  surface,  and  then  over  the  temperature 
probe.  During  expiration,  any  additional  heat  and  moisture 
added  by  the  wick  surface  "loads"  the  HHME.  The  tem- 
perature setting  is  nonadjustable  at  37°  C.  The  control  unit 
adjusts  the  heating  unit  and  pumps  water  to  the  wick  sur- 
face based  on  minute  ventilation,  which  is  entered  by  the 
clinician.  If  minute  ventilation  changes  and  temperature 
increases  or  decreases,  alarms  sound,  necessitating  a  change 
in  the  set  minute  ventilation.  If  the  electronic  portion  of  the 
device  fails  or  the  clinician  fails  to  resupply  the  water 
source,  the  device  operates  as  an  HHME,  providing  ap- 
proximately 28-31  mg  H20/L  of  moisture.  Dead  space  in 
the  device  is  73  mL,  including  a  19  mL  flex  tube,  and 
resistance  is  1.7  cm  H20/L/s. 

Results 

Comparisons  of  the  indices  of  adequate  humidification 
showed  no  differences  between  the  devices.  Secretion  vol- 


Fig.  2.  Components  of  the  active  heat  and  moisture  exchanger: 
(A)  Water  reservoir  bag.  (B)  Control  unit.  (C)  Feed  line  from  water 
reservoir  bag  to  hygroscopic  heat  and  moisture  exchanger  (HHME). 

(D)  HHME  modified  with  a  cone-shaped  portion  lined  with  a  wick 
for  insertion  into  a  heat  source.  The  two  lines  leading  to  the  HHME 
are:  one  from  the  water  source,  and  one  to  the  temperature  probe. 

(E)  Heating  unit  for  the  cone-shaped  portion. 


ume  and  consistency,  number  of  suctioning  attempts,  and 
volume  of  saline  used  were  all  similar  with  each  humidi- 
fication device  (Table  1).  All  devices  provided  similar 
measured  airway  temperatures  and  humidity.  There  were 
also  no  differences  in  the  daily  minute  volume  or  bias  flow 
for  flow-triggering.  Daily  minute  volume  for  HH, 
HH+HWC,  and  AHME  were  11.6  ±  3.3,  11.9  ±  3.4,  and 
11.8  ±  2.7  L/min,  respectively.  Bias  flow  for  flow-trig- 
gering was  also  similar:  5.8  ±  2.5,  5.4  ±  2.6,  and  5.9  ± 
2.3  L/min,  respectively. 

There  were  significant  differences  between  the  devices 
with  regard  to  water  use  per  24  hours  (HH  =  2039  ±  387 
mL,  HH  +  HWC  =  766  ±  281  mL,  AHME  =  135  ±  53 
mL,  p  <  0.001  for  HH  vs  HH  +  HWC  and  for  HH  +  HWC 
vs  AHME,  and  p  <  0.0001  for  HH  vs  AHME).  The  vol- 
ume of  condensate  was  also  significantly  less  for 
HH  +  HWC  and  AHME  than  for  HH  (HH  =  930  ±  271 
mL,  HH  +  HWC  =  12  ±  6  mL,  and  AHME  =  1  ±  3  mL, 
p  <  0.001  for  HH  vs  HH+HWC  and  AHME).  Condensate 
collected  from  the  AHME  system  was  drained  from  the 
flex  tube  between  the  device  and  the  patient.  There  was  no 
condensate  found  in  the  ventilator  circuit  between  the 
AHME  and  the  ventilator.  AHME  resistance  was  rela- 
tively unchanged  from  start  to  finish  (1.7  ±  0.1  cm  H20/ 
L/s  vs  2.3  ±  0.8  cm  H20/L/s). 

Measurements  of  airway  temperature  and  humidity  were 
similar  for  each  device  (see  Table  1 ).  There  were  no  com- 
plications of  humidifier  use  in  any  of  the  patients  studied. 
Alarm  conditions  for  each  type  of  device  were  similar 
based  on  written  reports  by  the  respiratory  therapy  staff. 
The  most  common  alarms  for  HH  and  HH  +  HWC  were 
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Table  I.      Comparison  of  Measured  Variables  Using  the  Three  Humidification  Devices  Described  in  the  Study 


Heated  Humidifier  with 

Active  Heat  and 

Heated  Humidifier 

Heated  Wire  Circuit 

Moisture  Exchanger 

Body  temperature  max/min  (°C) 

38.6  ±  1.1/36.2  ±0.5 

38.1  ±  1.3/36.5  ±  1.0 

38.2  ±  0.8/36.6  ±  0.9 

Volume  of  secretions  (mL) 

30  ±  22 

30  ±  20 

31  ±  21 

Number  of  suctioning  attempts 

6.3  ±  2.1 

6.2  ±  2.0 

6.3  ±  2.2 

Number  of  saline  instillations 

3.3  ±  1.6 

3.0  ±  1.1 

3.9  ±  1 .4 

Secretion  viscosity 

1 .4  ±  0.3 

1.3  ±  0.5 

1 .3  ±  0.6 

Water  usage  (mL/24  h) 

2039  ±  387*+ 

766  ±  281 

135  ±  53+ 

Condensate  (mL/24  h) 

930  ±  271*t 

12  ±  16 

1  ±3+. 

Airway  Temperature  (°C) 

36.3  ±  1.2 

37.1  ±  1.0 

36.4  ±  1.7 

Relative  Humidity  (%) 

97  ±  4 

93  ±5 

98  ±  3 

Absolute  Humidity  (mg  H,0/L) 

40.6  ±  3. 1 

38.2  ±  4.2 

41  ±  3.0 

»p  <  0.001  HH  vs  HH  +  HWC. 

t  p  <  0.001  HH  vs  AHME. 

jp<  0.01  HH  +  HWC  vs  AHME. 

related  to  empty  humidification  chambers  due  to  kinks  in 
the  feed  hose  or  empty  feed  sets.  The  most  common  alarms 
for  the  AHME  occurred  when  minute  volume  changes 
resulted  in  a  change  in  delivered  temperature. 

Discussion 

Our  results  indicate  that  the  AHME  can  provide  heat 
and  humidification  equivalent  to  conventional  heated  hu- 
midification, but  with  lower  water  consumption  and  less 
condensate.  During  use,  the  HHME  provides  approximately 
28-3 1  mg  H20/L  of  moisture.  The  desired  humidifier  out- 
put is  44  mg  H20/L  (37°  C  at  100%  relative  humidity),  so 
the  heated  portion  of  the  device  only  needs  to  contribute 
13-16  mg  H20/L  to  the  inspired  gas. 

In  contrast,  the  heated  systems  have  to  supply  the  entire 
44  mg  H20/L.  With  an  HH  and  nonheated  wire  circuit, 
chamber  temperature  often  must  be  kept  at  50°  C  in  order 
to  delivery  37°  C  gas  at  the  airway.  The  resulting  drop  in 
temperature  along  the  length  of  the  circuit  creates  a  large 
volume  of  condensate.  The  HH  +  HWC  essentially  elimi- 
nates condensate  by  increasing  temperature  along  the  length 
of  the  tubing,  but  this  decreases  the  relative  humidity.  At 
reasonable  temperature  differences  (<  3°  C)  this  reduction 
in  relative  humidity  appears  to  be  clinically  unimportant. 
However,  at  extremes  of  temperature  differences  (3-6° 
C),  the  reduction  in  relative  humidity  can  cause  drying  of 
airway  secretions,  and  airway  obstruction.810 

Another  reason  for  the  lower  water  usage  is  the  position 
of  the  AHME  relative  to  the  HH.  In  our  intensive  care  unit, 
flow-triggering  has  become  ubiquitous.  In  fact,  several 
new  ventilators  produce  a  baseline  continuous  flow,  even 
in  the  absence  of  flow-triggering.  A  conventional  humid- 
ifier warms  and  humidifies  baseline  flow,  despite  the  fact 
that  some  of  the  gas  passes  directly  through  the  circuit 


without  reaching  the  patient.  The  position  of  the  AHME, 
between  the  endotracheal  tube  and  ventilator  circuit,  re- 
moves it  from  the  path  of  the  baseline  flow.  In  this  study, 
the  mean  baseline  flow  was  5  L/min.  If  this  gas  is  humid- 
ified to  44  mg  H20/L  at  the  humidifier  outlet,  then  an 
additional  3 16,800  mg  of  H20  would  be  added  (5  L/min  X 
1440  min/d  X  44  mg  H20/L).  This  alone  equates  to  an 
additional  water  consumption  of  over  300  mL  per  day. 
When  a  conventional  HH  with  a  nonheated  wire  circuit  is 
used,  water  consumption  increases  dramatically.  However, 
because  the  baseline  flow  only  occurs  during  the  expira- 
tory phase,  the  actual  additional  water  consumption  de- 
pends on  respiratory  frequency,  inspiratory  time,  and  in- 
spiration-expiration ratio. 

Limitations  of  the  AHME  include:  nonadjustablity  of 
the  proximal  airway  temperature,  increased  dead  space, 
and  the  added  weight  of  the  device.  These  will  be  consid- 
ered below. 

We  and  others  have  argued  that  the  appropriate  deliv- 
ered temperature  and  relative  humidity  for  mechanically 
ventilated  patients  reestablishes  normal  physiologic  con- 
ditions.1112 We  believe  this  temperature  to  be  32-34°  at 
95-100%  relative  humidity.  The  AHME  studied  herein 
provides  humidity  in  excess  of  these  target  values,  but  we 
recognize  that  patients  with  lung  disease,  fluid  restriction, 
and  chronic  sputum  production  may  need  higher  levels  of 
humidification  for  restoration  of  normal  conditions.  In  this 
study  we  did  not  observe  any  adverse  effects  from  the  37° 
C  temperature,  and  others  have  suggested  that  a  tempera- 
ture of  37-40°  C  is  appropriate." 

Our  approach  to  humidification  in  the  intensive  care 
unit  utilizes  both  HH  and  HHME — the  selection  is  based 
on  the  patient's  temperature,  secretion  quality,  presence  of 
blood  in  the  sputum,  history  of  chronic  lung  disease,  and 
duration  of  ventilation. ,I2U  Dreyfuss  et  al  studied  humid- 
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Table  2.      Advantages  and  Disadvantages  of  Humidification  Devices 


Advantages 


Disadvantages 


Heated  Humidification 


Heated  Humidification  with 
with  heated  wire  circuit 


Passive  Humidifier 


Active  Heat  and  Moisture 
Exchanger 


•  Wide  range  of  temperatures 

>  Universal  application 

>  Reliable 

•  Temperature  monitoring 
1  Alarms 


•  Wide  range  of  temperatures 

•  Universal  application 

•  Reliable 

•  Temperature  monitoring 

•  Alarms 

•  Elimination  of  condensate 

•  Passive  operation 

•  Portable 

•  Light  weight 

•  Simple 
•Cost 

•  Universal  application 

•  Low  water  consumption 

•  Elimination  of  condensate 

•  Temperature  monitoring 

•  Alarms 

•  Continued  passive  operation  if 
electricity  or  water  source  is  lost 

•  Elimination  of  water  traps/heated  wires 


1  Excess  condensate 
-Cost 

•  Maintenance 

•  Possibility  of  over-heating 

•  Remote  possibility  of  electric  burns/shock 

>  Lack  of  portability 

>  Potential  for  reduced  relative  humidity 
and  airway  obstruction 

•  Cost  (if  used  <  48  hrs) 

>  Lack  of  portability 

•  Complexity 


'  Net  water  loss  from  respiratory  tract 
1  Not  suitable  for  all  patients 

■  Deadspace 
1  Resistance 

1  Potential  for  occlusion 

'  Deadspace 

1  Weight 

'  Potential  for  occlusion 

■  Limited  temperature  range 

■  Heat  source  near  patient 


ification  in  the  medical  intensive  care  unit  and  reported 
using  HHME  in  all  patients  for  an  extended  period.4  At  the 
other  extreme  of  the  spectrum,  Lawrence  reports  using 
only  HH  +  HWC  and  airway  temperature  of  40°  C.13  Each 
of  these  investigators  reported  safe,  effective  application 
of  these  humidification  techniques.  Optimum  temperature 
and  humidity  remain  elusive  concepts  because  of  variabil- 
ity among  patients  and  diseases,  but,  taken  together,  these 
results  suggest  that  the  AHME  may  play  a  role  in  bridging 
the  gap  between  those  who  currently  use  only  active  hu- 
midification and  those  who  use  only  passive  humidifica- 
tion. 

The  dead  space  of  a  heat  and  moisture  exchanger  can 
negatively  impact  ventilation  by  increasing  the  ratio  of 
dead  space  to  tidal  volume,15-17  and,  in  spontaneously 
breathing  patients,  the  work  of  breathing  may  increase.16 
This  is  one  of  the  disadvantages  of  traditional  HHME  use 
and  will  also  impact  the  use  of  the  AHME  in  select  pa- 
tients. The  total  dead  space  of  the  AHME  is  73  mL.  The 
flex  tube  between  the  device  and  the  patient  accounts  for 
19  mL  of  this  volume.  If  a  flex  tube  is  already  in  place  for 
a  traditional  heated  humidification  system,  the  AHME  adds 
only  54  mL  of  dead  space.  Added  dead  space  may  have 
adverse  clinical  effects  during  weaning  and  in  patients 


with  marginal  respiratory  muscle  function,  but  the  use  of 
pressure  support  may  mitigate  this  problem  with  both 
HHME  and  the  AHME.17 

The  total  weight  of  the  HHME  and  heating  unit  is  79  g, 
approximately  twice  that  of  a  typical  HHME.  The  HHME 
portion  weighs  36  g  and  the  heating  unit  weighs  27  g. 
Although  a  few  large  dead  space  HHMEs  (100  mL)  weigh 
up  to  50  g,  the  weight  of  the  AHME  must  be  considered. 
The  heating  unit  has  an  attachment  that  connects  to  a 
typical  ventilator  circuit  support  arm.  During  the  study  we 
used  the  support  arm  as  well  as  simply  rested  the  device  on 
a  towel  near  the  patient's  chest.  During  the  study,  no  air- 
way complications  were  noted  during  AHME  use,  but  the 
added  weight  of  the  AHME  should  be  considered  when 
positioning  the  device.  The  potential  for  inadvertent  extu- 
bation  created  by  the  added  weight  was  not  considered  in 
this  initial  study.  This  may  be  a  matter  of  concern,  but  we 
believe  it  can  be  dealt  with  effectively  by  careful  clini- 
cians. 

The  external  temperature  of  the  heating  unit  was  mea- 
sured at  38°  C.  This  temperature  is  not  typically  associated 
with  skin  burns.  However,  patients  with  hypotension  and 
poor  skin  perfusion  could  be  at  risk  for  thermal  injury.  The 
AHME  heating  unit  should  not  be  allowed  to  rest  directly 
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on  the  patient's  skin.  In  our  study,  we  did  not  experience 
any  problems  with  the  external  temperature  of  the  AHME. 
Table  2  lists  advantages  and  disadvantages  of  humidi- 
fication  devices.  The  choice  of  humidification  device  is 
dictated  by  patient  requirements,  device  performance,  and 
cost.  Introduction  of  the  AHME  allows  clinicians  a  third 
humidification  choice.  We  found  some  advantages  to  the 
AHME  compared  to  HH  and  HH+HWC,  but  the  cost  of 
the  AHME  is  not  yet  known,  so  cost  comparisons  are  not 
yet  possible. 

Conclusions 

This  preliminary  study  compared  a  new  humidification 
device,  the  AHME,  to  traditional  HH  and  HH  +  HWC. 
Measurements  of  delivered  temperature  and  humidity,  as 
well  as  indices  of  humidification  adequacy  found  no  dif- 
ference between  the  devices.  However,  the  AHME  was 
associated  with  reduced  water  consumption  and  reduced 
condensate  formation,  which  might  offer  some  cost  sav- 
ings. The  added  dead  space  of  the  AHME  poses  a  concern 
in  certain  patients,  as  it  does  with  traditional  HHMEs.  The 
AHME  provides  a  new  humidification  method  that  bridges 
the  gap  between  active  and  passive  humidification. 
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BACKGROUND:  Tracheal  gas  insufflation  (TGI)  reduces  arterial  carbon  dioxide  tension  (PaCo,) 
when  used  in  conjunction  with  mechanical  ventilation,  but  antegrade  TGI  flow  increases  intrinsic 
positive  end-expiratory  pressure  (auto-PEEP)  or  end-expiratory  lung  volume  (EELV).  Tracheal  gas 
exsufflation  (TGE)  might  reduce  TGI-elevated  EELV  while  retaining  the  C02  elimination  effects  of 
TGI.  METHODS:  An  apparatus  was  designed  to  control  TGI  and/or  TGE  during  selected  portions 
of  expiration.  The  first  phase  of  the  study  examined  the  general  effects  of  expiratory  TGI  and  TGE 
on  EELV  and  C02  elimination  in  a  mechanical  test  lung.  In  the  second  phase,  effects  on  normal 
physiology  were  tested  in  uninjured  dogs.  Changes  in  EELV  were  measured  by  respiratory  induc- 
tance plethysmography,  and  PaCO  was  continuously  monitored.  TGI  and  TGE  were  applied  sep- 
arately and  in  combination  during  all  or  half  of  the  expiratory  phase.  TGI/TGE  combinations  found 
to  be  most  effective  at  C02  elimination  in  the  test  lung  model  were  applied  in  the  animal  tests. 
RESULTS:  TGI  raised  EELV  and  TGE  lowered  EELV  in  both  models,  and  exerted  their  greatest 
effects  on  EELV  in  the  latter  half  of  expiration.  In  the  animal  model,  the  TGI/TGE  interventions 
tested  reduced  PaCO  by  16-32%  (p  <  0.01)  compared  to  baseline  PaCO  >  similar  to  or  greater  than 
reported  clinical  studies.  CONCLUSIONS:  Combining  TGI  and  TGE  allowed  precise  control  of 
EELV  in  both  models.  Second-half  TGI  provided  the  most  effective  COz  elimination.  [Respir  Care 
1999;44(8):918-924]  Key  words:  tracheal  gas  exsufflation,  tracheal  gas  insufflation,  auto-PEEP,  C02 
elimination,  lung  model. 


Background  and  Objectives 

In  prior  studies,'-7  tracheal  gas  insufflation  (TGI)  has 
been  shown  to  reduce  arterial  carbon  dioxide  tension  (PaCo,) 
when  used  in  conjunction  with  mechanical  ventilation. 
TGFs  reduction  of  P.dCOi  varies  depending  on  the  pathol- 
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ogy  of  the  lung,  the  volume  of  fresh  gas  injected  per  breath 
cycle,  and  the  initial  degree  of  hypercapnia.1-8-9  TGI  di- 
rected toward  the  alveoli  (antegrade  flow)  has  two  C02 
elimination  effects:  distal  washout  (beyond  the  catheter 
tip)  and  proximal  (before  the  catheter  tip)  washout.  As  a 
gas  source  that  opposes  the  direction  of  expiratory  flow, 
gas  injected  toward  the  carina  by  TGI  has  the  potential  to 
increase  end-expiratory  lung  volume  (EELV)  (as  reflected 
by  intrinsic  positive  end-expiratory  pressure  [auto- 
PEEP]).1-210-'2  While  antegrade  TGI  flow  increases  EELV, 
retrograde  TGI  flow  (via  reverse  flow  catheters)  avoids 
increasing  EELV  but  might  not  obtain  the  distal  C02  elim- 
ination effect.  The  use  of  tracheal  gas  exsufflation  (TGE) 
in  conjunction  with  TGI  might  allow  reduction  and  control 
of  EELV  while  preserving  the  distal  effect. 

In  the  late  1 940s  and  early  1 950s,  TGE  was  first  used  in 
conjunction  with  positive  pressure  ventilation 13-15  and  was 
found  to  counter  the  adverse  effects  of  positive  pressure 
ventilation  on  cardiac  output.'3  TGE  augmented  venous 
return  and  reduced  lung  volume,  but  its  use  was  aban- 
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Fig.  1 .  Schematics  of  the  tracheal  gas  insufflation/tracheal  gas  exsufflation  (TGI/TGE)  experimental  settings.  A:  Pneumatic  circuitry  for  lung 
model  experiments.  B:  Close-up  of  the  endotracheal  tube  and  TGI/TGE  catheters  for  the  animal  experiments. 


doned  because  of  its  potential  to  accentuate  airway  clo- 
sure.16 Not  previously  investigated  is  the  possibility  that 
TGE  might  also  improve  C02  elimination  if  applied  se- 
lectively during  portions  of  expiration.  In  concept.  TGE 
might  fill  the  central  airways  with  C02-laden  alveolar  gas 
earlier  in  expiration  for  TGI-accelerated  removal.  Recent 
advances  in  the  technology  of  solenoid  valves  and  micro- 
processing allow  sophisticated  control  of  airway  pressure, 
potentially  facilitating  timed  application  of  TGI  and  TGE 
in  the  clinical  setting.'718 

We  investigated  the  effects  of  expiratory  TGI  and  TGE 
used  (independently  and  together)  on  auto-PEEP  and  COz 
elimination.  General  effects  were  initially  tested  in  a  me- 
chanical lung  model,  followed  by  testing  of  short-term 
physiologic  effects  in  uninjured  dogs. 


Materials  and  Methods 


Apparatus 


We  designed  a  double-solenoid,  microprocessor- 
controlled  device  to  precisely  gate  expiratory  TGI  and 
TGE,  guided  by  flow  signals  from  the  ventilator  circuit 
(Fig.  1).  A  standard  flow  meter  and  portable  suction  pump 
provided  the  flow,  and  either  TGI,  TGE,  or  TGI  and  TGE 
together  were  delivered,  either  throughout  expiration,  dur- 
ing the  first  half  of  expiration,  or  during  the  second  half  of 


expiration.  The  process  was  controlled  by  a  personal  com- 
puter (Gateway  2000,  486/33  MHz,  North  Sioux  City, 
South  Dakota).  Prior  to  use  in  these  protocols,  the  device 
was  thoroughly  tested  in  a  bench  setting  and  calibrated  to 
gate  constant  positive  (TGI)  and/or  negative  (TGE)  flows. 

Methods 

For  the  lung  model  study,  a  system  was  constructed  (see 
Figure  1A)  using  a  single-compartment  lung  model  (TTL 
Model  1600,  Michigan  Instruments  Inc,  Grand  Rapids, 
Michigan),  an  artificial  trachea,  and  a  mechanical  ventila- 
tor (7200ae,  Mallinckrodt,  Pleasanton,  California).  The 
lung  compliance  was  set  at  0.1  L/cm  H20,  and  a  linear 
resister  of  20  cm  H20/L/s  was  positioned  in  the  common 
portion  of  a  standard  ventilator  circuit.  The  ventilator  set- 
tings were:  tidal  volume  (VT)  =  600  mL,  breaths  per 
minute  (f)  =  1 8/min,  constant  inspiratory  flow  =  40  L/min. 
The  outcome  variables  measured  were  EELV  and  CO, 
elimination  rate. 

We  evaluated,  in  random  sequence,  a  grid  of  16  inter- 
ventions that  tested  TGI  or  TGE  alone,  or  TGI  and  TGE 
together,  for  the  entirety  of  the  expiration,  for  the  first  half 
of  expiration,  for  the  second  half  of  expiration,  and  for 
none  of  the  expiration.  Both  TGI  (positive)  and  TGE  (neg- 
ative) flows  were  fixed  at  9  L/min  (constant  flow).  The 
auto-PEEP  resulting  from  each  intervention  was  recorded 
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with  a  chart  recorder  (95000,  Astro-Med,  West  Warwick, 
Rhode  Island)  and  stored  on  digital  audio  tape  (RD-1 1  IT, 
TEAC,  Tokyo,  Japan)  for  later  analysis.  External  positive 
end-expiratory  pressure  (external  PEEP)  was  set  at  5  cm 
H20  as  a  baseline  from  which  changes  in  EELV  and  pres- 
sure caused  by  the  intervention  were  determined  in  tripli- 
cate and  averaged  for  data  analysis.  EELV  was  directly 
reflected  in  the  test  lung  by  the  end-expiratory  bellows 
pressure  (auto-PEEP). 

The  second  phase  of  the  lung  model  study  involved 
infusing  C02  (1-2  L/min)  into  the  cycling  test  lung  sys- 
tem, without  TGI  or  TGE,  until  a  steady  state  end-tidal 
carbon  dioxide  pressure  (PETC02)  of  70  mm  Hg  (9.3  kPa) 
was  detected  by  the  capnograph  (Novametrix  2000;  Wal- 
lingford,  Connecticut).  The  baseline  C02  elimination  rate 
was  determined  by  measuring  PETC02  at  10-second  inter- 
vals after  the  C02  infusion  to  the  test  lung  was  stopped. 
The  same  procedure  was  then  followed  for  each  TGI/TGE 
intervention.  The  PETC02  measurements  were  plotted 
against  time  as  an  index  for  C02  elimination.  Measure- 
ments were  repeated  twice  and  the  averaged  values  were 
used  for  analysis. 

Since  TGI  should  raise  EELV  and  TGE  should  lower 
EELV,  these  interventions  will  expand  or  reduce  the  CO, 
reservoir  existing  at  the  onset  of  the  washout  period.  This 
change  in  EELV,  as  a  separate  factor,  alters  the  apparent 
C02  elimination  rate  during  tidal  ventilation.  To  determine 
C02  elimination  rates  independent  of  this  effect  on  EELV, 
we  measured  EELV  change  by  each  of  the  TGI/TGE  in- 
terventions and  matched  baseline  EELV  for  each  interven- 
tion by  adjusting  external  PEEP  (about  the  baseline  exter- 
nal PEEP  of  5  cm  H20). 

The  animal  model  portion  of  the  study  involved  the 
instrumentation  and  monitoring  of  6  normal,  supine  mon- 
grel dogs  (24.6  kg  ±  2.0).  The  dogs  were  intravenously 
anesthetized  with  pentobarbital  sodium  (30  mg/kg),  para- 
lyzed with  pancuronium  bromide  (0.1  mg/kg),  and  main- 
tained with  continuous  infusions  of  3-5  mg/kg/h  and  0. 1 
mg/kg/h,  respectively,  until  the  end  of  the  experiment. 
Femoral  arterial  and  venous  lines  were  placed,  and  a  pul- 
monary artery  catheter  was  placed  via  the  internal  jugular 
vein.  A  tracheotomy  was  performed  to  assure  stable  access 
to  the  airway,  using  a  double-lumen  endotracheal  tube  (41 
French  left,  Sheridan,  St  Louis,  Missouri).  One  lumen  of 
the  endotracheal  tube  was  used  for  conventional  ventila- 
tion and  the  other  served  as  a  secure  conduit  for  the  TGI 
and  TGE  catheters  (Figure  IB).  The  animals  were  me- 
chanically ventilated  (7200ae,  Mallinckrodt,  Pleasanton, 
California)  in  the  volume-controlled  mode:  fraction  of  in- 
spired oxygen  (FIO)  =  0.4,  VT  =  10  mL/Kg,  constant 
flow  =  10  L/min,  external  PEEP  =  5  cm  H20,  f  =  10/ 
min.  Heated  pneumotachographs  were  placed  in  the  in- 
spiratory and  expiratory  limbs  of  the  circuit.  The  dogs 
were  prepared  and  monitored  according  to  a  protocol  ap- 


proved by  the  animal  care  and  use  committee  of  our  in- 
stitution. Arterial  blood  gas  concentrations  were  continu- 
ously sensed  and  recorded  by  an  indwelling  fiberoptic 
system  (Paratrend  7,  Diametrics,  St  Paul,  Minnesota). 

Under  bronchoscopic  guidance,  2  side-by-side  copper 
catheters  (outside  diameter  =  3.2  mm,  inside  diameter  = 
1 .6  mm)  were  positioned  with  tips  at  1  centimeter  above 
the  carina.  The  position  was  secured  for  the  duration  of  the 
study.  The  interventions  of  the  test  lung  study  were  then 
applied  by  the  double-solenoid,  gated  microprocessor-con- 
trolled system.  TGI  and  TGE  flows  were  square  wave 
(constant  flow)  at  ±  9  L/min.  For  the  TGI  catheter  flow, 
air  and  02  were  blended  to  achieve  the  same  F,0  (0.40)  as 
the  ventilator.  Changes  in  lung  volume  were  indexed  by 
the  change  in  EELV  measured  by  the  sum  curve  of  a 
calibrated  (least  squares  method)  respiratory  inductive  pl- 
ethysmograph.  These  changes  were  recorded  with  a  chart 
recorder  and  stored  on  digital  audio  tape  for  later  analysis. 

The  results  from  the  lung  model  study  guided  the  se- 
lection of  interventions  tested  in  the  animal  study.  The 
effect  of  TGI/TGE  on  EELV  was  determined  for  all  in- 
terventions in  the  grid.  The  effect  of  the  interventions  on 
C02  elimination  was  confined  to  combinations  found  to 
produce  the  greatest  effects  in  the  lung  model  study  while 
avoiding  late  TGE,  because  of  TGE's  potential  for  airway 
closure.  These  interventions  were  (1)  TGE  in  the  first  half 
of  the  expiratory  phase  and  TGI  in  the  second  half  of  the 
expiratory  phase  (1st  TGE/2nd  TGI);  (2)  2nd  TGI  only; 
and  (3)  full  TGI/full  TGE.  C02  elimination  was  evaluated 
for  these  selected  interventions  by  calculating  the  percent 
change  from  baseline  P.,ccv  Percent  change  was  deter- 
mined to  account  for  variability  in  baseline  P;lCO,  ar>d  to 
compare  the  intervention  to  clinical  studies.  After  an  in- 
tervention, a  40-minute  stabilization  period  was  allowed 
before  PaCO,  was  recorded  from  the  continuous  arterial 
blood  gas  analyzer.  The  baseline  ventilator  settings  were 
Fio,  =  0.4,  VT  =  10  mL/Kg,  inspiratory  flow  =  10  L/min 
(constant  flow),  external  PEEP  of  5  cm  H20,  and  a  fre- 
quency (6-14/min)  to  produce  a  moderate  hypercapnia 
(Pace  ~  60  mm  Hg  [8.0  kPa]).  Both  TGI  and  TGE  flow 
settings  were  reduced  to  ±  4.5  L/min  (constant  flow)  for 
this  stage  to  limit  intervention-caused  lung  volume  excur- 
sions to  less  than  the  set  VT.  Immediately  after  the  inter- 
vention, external  PEEP  was  adjusted  to  maintain  a  con- 
stant EELV  (as  measured  by  respiratory  inductive 
plethysmography)  to  assure  that  C02  elimination  was  not 
affected  by  a  change  in  EELV  (the  CO,  reservoir).  An- 
other stage  was  added  to  match  the  increased  lung  volume 
excursion  of  1st  TGE/2nd  TGI  by  ventilating  at  that  in- 
creased VT  level  without  an  intervention. 

The  effect  of  the  selected  TGI/TGE  interventions  on 
PaCO  change  between  groups  was  analyzed  by  one-way 
factorial  analysis  of  variance  ( ANOVA).  Significance  was 
accepted  at  p  <  0.01  using  Fisher's  Test  (protected  least 
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Fig.  2.  The  effects  of  tracheal  gas  insufflation/tracheal  gas  exsufflation  (TGI/TGE)  on  end-expiratory  lung  volume  (EELV)  and  C02  elimination 
in  the  mechanical  test  lung.  A:  Changes  in  EELV  by  TGI/TGE  show  their  additive/subtractive  effects  on  EELV.  AutoPEEP  =  intrinsic  positive 
end-expiratory  pressure.  B:  An  absolute  value  for  a  curve  fit  of  the  slope  of  the  C02  elimination  rate  was  calculated:  positive  slopes  indicate 
more  rapid  C02  elimination.  The  values  for  C02  elimination  rate  slopes  are  shown  for  all  TGI/TGE  combinations. 


squares  difference)  to  identify  differences  in  P;iCO,  from 
baseline  and  between  interventions. 

Results 

Figure  2  shows  the  effects  of  tested  interventions  on 
EELV  and  C02  elimination  from  the  lung  model  study. 
Figure  2A  shows,  as  expected,  that  TGI  consistently  in- 
creased EELV  and  TGE  consistently  decreased  EELV.  For 
both,  the  effect  on  EELV  was  consistently  greater  when 
applied  during  the  second  half  of  exhalation.  Because  C02 
elimination  from  the  lung  model  occurred  exponentially, 
we  plotted  C02  elimination  slopes  on  a  semi-logarithmic 
scale  to  curve  fit  the  slope  and  characterize  the  curves  with 
one  value  for  intercurve  comparisons.  Figure  2B  shows  a 
C02  elimination  rate  slope  histogram  for  all  TGI/TGE 
combinations  tested.  TGI  had  a  greater  effect  on  C02  elim- 
ination during  the  second  half  of  exhalation,  with  little 
effect  in  the  first  half.  TGE  effect  on  C02  elimination  was 
less  than  the  TGI  effect,  and  slightly  greater  in  the  second 
half  than  in  the  first  half.  The  greatest  effects  on  C02 
elimination  were  seen  with  full  TGI/full  TGE.  The  2nd 
TGI/any  TGE  was  the  next  most  effective  in  C02  elimi- 
nation. The  2nd  TGI  was  third  most  effective. 

Figure  3A  shows  the  effects  of  each  intervention  on 
EELV  in  the  animal  model  study.  The  tendencies  in  the 
animal  study  were  identical  to  those  of  the  test  lung  study. 
Figure  3B  shows  the  C02  elimination  effect  of  the  tested 
interventions.  The  greatest  reduction  (-32%)  was  found 


with  the  combination  of  1st  TGE/2nd  TGI  (p  <  0.01).  The 
2nd  TGI  (-22%)  and  full  TGI/full  TGE  (-16%)  interven- 
tions also  caused  significant  reductions  in  Pato>  (p  <  0.01 ). 
Although  the  set  ventilator  VT  was  maintained  constant 
throughout  each  study,  the  combination  of  1st  TGE/2nd 
TGI  increased  lung  volume  excursion  compared  to  base- 
line, which  might  account  for  its  additional  C02  elimina- 
tion effect  (Fig.  4).  The  VT  excursion  (Fig.  4A)  was  in- 
creased by  the  intervention  (Fig.  4B),  effectively  resulting 
in  an  increased  minute  ventilation.  To  compare  the  inter- 
vention 1  st  TGE/2nd  TGI  to  a  ventilator-increased  VT,  we 
increased  the  set  pre-intervention  VT  excursion  (Fig.  4C), 
without  TGI  or  TGE  applied,  to  match  the  intervention  VT 
excursion.  The  reduction  in  PaCO  of  the  intervention  re- 
mained significantly  greater  than  the  matched  VT  excur- 
sion intervention  (p  <  0.01).  Throughout  the  study,  we 
observed  no  significant  changes  in  arterial  oxygen  tension 
(PaCv)  (pre-study  PaC,  =  203.3  mm  Hg,  post-study  P,cx  = 
2 1 0.5  mm  Hg),  or  other  monitored  variables. 

Discussion 

Although  TGI  has  the  potential  to  reduce  ventilatory 
requirements  (VT  and/or  ventilatory  pressure),  the  clinical 
use  of  TGI  must  account  for  the  fact  that  antegrade  TGI 
can  induce  or  increase  EELV,  for  several  reasons,  includ- 
ing: momentum  transfer  between  the  jet  stream  and  resid- 
ual gas  in  the  alveoli;  increased  back  pressure  to  lung 
emptying;  flow  across  the  endotracheal  tube  and  circuit 
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Fig.  3.  The  effects  of  tracheal  gas  insufflation  (TGI)  and  tracheal  gas  exsufflation  (TGE)  on  C02  elimination  in  the  lung  model  experiment. 
EELV  =  end-expiratory  lung  volume.  1st  =  first  half  of  expiration.  2nd  =  second  half  of  expiration.  A:  Changes  in  EELV  -  functional  residual 
capacity  (EELV-FRC)  by  TGI/TGE  show  similar  additive/subtractive  effects  to  the  lung  model  study.  B:  Percent  changes  in  PaCo2  compared 
to  baseline  for  the  animal  experiment.  The  increases  in  C02  elimination  for  the  4  conditions  tested  were  significantly  greater  than  baseline. 
1st  TGE  +  2nd  TGI  had  a  greater  C02  elimination  rate  than  the  other  interventions.  Values  are  mean  ±  standard  deviation,  p  <  0.01  versus 
baseline,  t  P  <  0.01  versus  1st  TGE  +  2nd  TGI. 
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Fig.  4.  Schematic  representation  of  changing  lung  volume  for  3  conditions.  CMV  =  constant  minute  ventilation.  1st  =  first  half  of  expiration. 
TGE  =  tracheal  gas  exsufflation.  2nd  =  second  half  of  expiration.  TGI  =  tracheal  gas  insufflation.  PEEP  =  positive  end-expiratory  pressure. 
A:  Baseline  with  conventional  constant  flow  ventilation.  B:  Applying  1st  TGE/2nd  TGI  displaying  increased  VT  excursion.  C:  Conventional 
constant  flow  ventilation  matching  tidal  volume  excursion  of  4B. 


elements;  and  decreased  cross-sectional  area  because  of 
the  resistance  of  the  TGI  catheter  positioned  in  the  airway. 
Ravenscraft  et  al1  reported  that  in  8  patients  EELV  in- 
creased by  an  average  of  62  mL  during  6  L/min  antegrade 
TGI  flow.  Belghith  et  al19  reported  that  in  8  patients  EELV 
increased  by  200  mL  during  4  L/min  antegrade  TGI  flow. 
Imanaka  et  al20  also  reported  increased  EELV  during  an- 
tegrade TGI.  Several  investigators  have  tested  reverse  flow 
catheters  designed  to  avoid  increasing  EELV,  but  these 
designs  may  reduce  the  distal  C02  elimination  effect.21-24 


The  present  study  investigated  a  means  of  controlling 
EELV  by  specifically  using  TGE  to  reduce  TGI-augmented 
EELV.  An  anticipated  result  of  this  study  was  that  the 
opposing  effects  of  TGI  and  TGE  on  EELV  allowed  pre- 
cise control  of  EELV  in  both  settings.  In  this  study  the 
effects  of  TGI/TGE  on  EELV  were  greatest  when  applied 
during  the  second  half  of  exhalation.  In  both  models,  ex- 
piratory flow  from  the  lung  during  the  first  half  of  exha- 
lation was  greater  than  the  set  TGI  or  TGE  flows.  Thus, 
during  the  first  half  of  exhalation  the  TGI/TGE  effect  is 
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dominated  by  expiratory  flow  from  the  lungs.  On  the  other 
hand,  the  effects  of  TGI/TGE  on  EELV  are  proportion- 
ately greater  during  the  second  half  of  exhalation,  when 
flow  from  the  lung  is  markedly  reduced  or  completed. 
Therefore,  TGI  increases  EELV  and  TGE  decreases  EELV 
primarily  when  applied  during  late  exhalation.  The  small 
differences  in  effects  on  EELV  between  the  2  models  could 
be  due  to  the  nonlinear  impedance  of  the  animal  model  and 
the  different  locations  of  the  TGE  port  between  models. 

TGI  improves  the  efficiency  of  C02  elimination  accom- 
plished by  conventional  mechanical  ventilation,  primarily 
by  reducing  the  anatomic  dead  space  volume  distal  and 
proximal  to  the  catheter  tip.25-32  For  each  intervention  in 
the  lung  volume  study,  the  slope  of  the  C02  elimination 
curve  was  steeper  than  the  baseline  curve.  Thus,  in  the 
mechanical  model.  TGI  and  TGE  both  eliminated  C02  at 
a  greater  rate  than  baseline.  In  the  animal  model,  PaCOi 
was  markedly  reduced  by  1  st  TGE/2nd  TGI  (-32%).  The 
C02  reduction  by  the  other  interventions  (-22%  and -16%) 
was  similar  to  or  greater  than  reductions  reported  in  clin- 
ical studies.1-8  Total  tidal  lung  volume  excursion  increased 
during  1st  TGE/2nd  TGI  (Fig.  4B)  because  lung  volume 
was  reduced  by  TGE  below  EELV  in  early  exhalation  and 
EELV  was  restored  by  TGI  during  late  exhalation.  This 
expiratory  event  added  to  minute  ventilation.  The  PaCO, 
level  of  the  matched  excursion  level  was  determined  and 
compared  to  1st  TGE/2nd  TGI.  During  1st  TGE/2nd  TGI 
the  PaCO,  reduction  was  found  to  be  significantly  greater 
than  the  matched  excursion  level  (see  Fig.  4).  Therefore, 
the  effects  of  1st  TGE/2nd  TGI  were  responsible  for  in- 
creased C02  elimination  over  and  above  the  lung  volume 
excursion  increase.  Yet,  2nd  TGI  also  exerts  a  significant 
Paco,  reduction  effect,  and  might  be  as  effective  as  1st 
TGE/2nd  TGI  with  a  matched  volume  excursion. 

In  both  models,  TGI  most  effectively  eliminated  C02 
when  applied  in  late  expiration.  As  a  mechanism  to  flush 
the  region  proximal  to  the  injection  site,  TGI  applied  dur- 
ing the  earliest  pari  of  exhalation  should  be  ineffective  at 
C02  removal,  since  it  would  simply  eliminate  a  segment 
of  fresh  gas  from  the  previous  inhalation.  Similarly,  TGI 
applied  selectively  during  mid-expiration  would  flush  al- 
veolar C02  that  would  have  been  expelled  without  it.  As 
expected,  TGI  was  most  effective  during  late  expiration, 
since  it  flushes  CO,  from  the  anatomical  dead  space  that 
would  normally  remain  to  be  rebreathed  on  the  next  in- 
spiration. This  finding  supports  our  earlier  work  demon- 
strating the  importance  of  flushing  the  terminal  phase  of 
expiration,  where  TGI  flush  volume  becomes  relevant.7 

For  the  animal  experiments,  6  hours  of  study  were  con- 
ducted, with  several  TGE  interventions.  In  these  normal 
animals,  no  reduction  of  Pa0  that  might  have  been  caused 
by  airway  closure  was  seen  after  6  hours  of  study  involv- 
ing TGE.  In  the  animals,  any  TGE-induced  airway  closure 
would  tend  to  occur  near  the  end  of  exhalation,  and  we  did 


not  specifically  test  this  possibility.  Whether  the  result 
would  have  been  different  in  the  setting  of  unstable  air- 
ways is  not  known.  Moreover,  we  studied  only  2  levels  of 
TGI  and  TGE  applied  to  a  fixed  pattern  of  ventilation.  It  is 
not  possible  to  determine  from  the  data  currently  available 
whether  qualitative  differences  would  have  emerged  under 
other  ventilatory  patterns  and  TGI/TGE  flows. 

In  summary,  we  observed  that  combined  TGI  and  TGE 
can  improve  C02  elimination  while  controlling  EELV.  We 
confirmed  that  TGI  was  most  effective  in  C02  elimination 
when  applied  in  late  expiration.  Our  results  suggest  that 
TGE  can  be  added  to  reduce  TGI-induced  EELV  increase 
while  retaining  the  distal  and  proximal  C02  elimination 
effects  of  antegrade  TGI.  However,  we  note  that  this  study 
was  not  conducted  under  conditions  of  disordered  physi- 
ology, which  is  an  important  qualification  of  the  results 
and  implications.  Further  investigation  of  phasic  TGI  and 
TGE  in  disease  analogs  and  with  other  ventilation  patterns 
is  clearly  needed  before  TGI/TGE  can  be  recommended 
for  the  clinical  setting. 
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BACKGROUND:  Currently  available  methods  for  conserving  oxygen  include  transtracheal  cath- 
eters, reservoir  cannulae,  and  demand  oxygen  delivery  systems  (DODS).  DODS  do  not  deliver 
oxygen  during  exhalation,  and  most  models  do  not  deliver  oxygen  during  portions  of  the  inspiratory 
cycle.  To  determine  selected  performance  differences  between  DODS  models  and  continuous  flow 
oxygen  (CFO),  we  conducted  a  bench  model  evaluation  of  7  DODS  models  and  CFO.  METHODS: 
A  bench  model  was  constructed  to  simulate  a  nose,  airway,  and  alveolar  chamber.  A  linked  ven- 
tilator drove  the  alveolar  chamber  to  generate  3  respiratory  patterns,  at  frequencies  of  15,  20,  and 
26  per  minute.  DODS  and  CFO  were  tested  at  settings  of  1,  2,  4,  and  6  L/min.  The  fraction  of 
inspired  oxygen  (FIO )  in  the  alveolar  chamber  was  measured  for  each  condition.  Oxygen  use 
efficiency  (OUE)  was  calculated  for  each  device  by  determining  oxygen  in  the  alveolar  chamber/ 
oxygen  used  by  the  device.  RESULTS:  The  DODS  models  differed  with  regard  to  flow  delivery 
profile.  Supplemental  oxygen  (FK)i  increase  over  21%)  for  CFO  declined  markedly  (43%)  with 
increasing  frequency,  and  was  better  maintained  for  the  DODS  models  (average  of  10%  decrease). 
DODS  that  deliver  an  early  inspiratory  pulse  tended  to  maintain  FIO  with  increases  in  frequency 
and  to  be  more  efficient  with  oxygen  use.  OUE  was  21%  for  CFO,  and  ranged  from  42%  to  100% 
for  DODS  models.  CONCLUSIONS:  DODS  models  were  not  equivalent  to  CFO  or  to  each  other  in 
F|0  or  OUE.  DODS  conserve  oxygen  and  may  maintain  FIOi  better  than  CFO  when  respiratory 
frequency  increases.  DODS  models  differ  and  may  require  setting  adjustments  to  achieve  equiva- 
lent FIO  to  CFO  or  to  other  models.  To  optimally  customize  oxygen  therapy  to  the  patient,  the 
DODS  model  or  CFO  should  be  set  to  meet  adequate  saturation  goals  (ie,  >  90%)  under  conditions 
of  usual  use,  including  rest  and  exercise.  [Respir  Care  1999;44(8):925-931]  Key  words:  demand 
oxygen  delivery  systems,  continuous  flow  oxygen,  oxygen  use  efficiency. 


Introduction 

Although  most  oxygen  therapy  is  administered  as  con- 
tinuous flow  oxygen  (CFO),  3  methods  of  oxygen  conser- 
vation have  come  into  use.  Transtracheal  catheters  deliver 
oxygen  directly  into  the  trachea,  requiring  approximately 
half  the  oxygen  of  a  nasal  cannula  system  to  provide  equiv- 
alent oxygen  saturation.1  Reservoir  cannulae  have  a  res- 
ervoir near  the  nose  that  fills  with  oxygen  during  exhala- 


Peter  L  Bliss  BME.  Robert  W  McCoy  RRT  BSM.  and  Alexander  B 
Adams  RRT  MPH  are  affiliated  with  Regions  Hospital.  Pulmonary  Re- 
search. 640  Jackson  Street.  St  Paul.  Minnesota. 

Mr  Bliss  presented  a  version  of  this  paper  at  the  American  Association 
for  Respiratory  Care  Open  Forum  during  the  44th  International  Respi- 
ratory Congress.  November  7-10.  1998.  in  Atlanta.  Georgia. 

Correspondence:  Peter  L  Bliss  BME,  3953  W  143rd  St.  Savage  MN 
55378.  E-mail:  pbliss@inspiredrc.com. 


tion,1 2  and  the  reserved  oxygen  is  inhaled  at  the  onset  of 
the  next  inhalation.  A  reduced  flow  setting  thus  conserves 
a  significant  amount  of  oxygen.  Demand  oxygen  delivery 
systems  (DODS)  interrupt  the  flow  of  oxygen  during  ex- 
halation, when  the  oxygen  flow  is  otherwise  mostly  wasted. 
DODS  either  pulse  oxygen  early  in  inhalation  or  provide 
oxygen  flow  throughout  inhalation.  DODS  use  standard  or 
modified  nasal  cannulae,  and  are  set  with  "CFO  equiva- 
lent" settings.  The  use-time  of  portable  devices  can  then  be 
extended,  and/or  smaller,  lighter  devices  can  be  used.  Tran- 
stracheal catheters  and  reservoir  cannulae  have  found  rel- 
atively low  acceptance  compared  to  DODS.  First  available 
in  the  1980s,  there  were  18.000  DODS  in  use  in  1994,2  and 
approximately  80,000  units  (industry  estimate)  were  put 
into  service  in  the  United  States  in  1998. 

The  various  DODS  models  interrupt  exhalation-phase 
oxygen  flow  by  different  methods,  thus  producing  differ- 
ent flow  profiles.  DODS  flow  is  not  the  same  as  CFO,  so 
controversy  exists  as  to  the  "equivalence"  of  DODS  and 
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Fig.  1.  Schematic  of  the  demand  oxygen  delivery  system/contin- 
uous flow  oxygen  (DODS/CFO)  evaluation  system.  ID  =  internal 
diameter. 


CFO  settings.  Each  DODS  manufacturer  uses  algorithms 
based  on  certain  assumed  breathing  patterns  to  create  CFO 
equivalent  settings  for  their  model.  While  DODS  may  func- 
tion similarly  to  CFO  under  the  assumed  conditions,  they 
may  deviate  from  equivalence  with  other  breathing  pat- 
terns. Thus,  clinical  studies  have  shown  DODS  to  produce 
similar  results  to  CFO,1-3-6  but  there  are  studies  that  report 
differences.710 


Several  difficulties  are  apparent  in  comparing  DODS  to 
CFO.  The  variability  and  lability  in  patients'  breathing 
patterns  make  it  difficult  to  control  for  and  compare  pos- 
sible differences  in  oxygenation  or  exercise  tolerance  be- 
tween DODS  and  CFO.  Also,  arterial  oxygen  saturation, 
which  is  often  the  outcome  variable  in  comparison  studies, 
shows  small  changes  for  large  changes  or  differences  in 
FIOi  or  arterial  oxygen  tension  (PaC. ).  In  studies  comparing 
DODS  with  CFO,  the  initial  CFO  setting  might  be  titrated 
with  little  or  no  effort  to  optimize  it.  It  is  possible  that  in 
studies  in  which  oxygen  savings  over  CFO  were  reported, 
a  small  reduction  in  the  CFO  prescription  may  have  also 
realized  oxygen  savings  without  adverse  effect  on  arterial 
oxygen  saturation.  Similarly,  in  studies  that  found  DODS 
to  be  inferior  to  CFO  at  exercise,  settings  equivalent  to 
CFO  were  used.710  It  is  possible  that  simply  increasing 
the  DODS  setting  would  have  created  equal  or  better  re- 
sults while  still  saving  oxygen. 

Given  the  delivery  differences  between  DODS  and  CFO, 
"equivalent"  settings  present  difficulties  in  clinical  com- 
parisons. We  devised  a  test  lung  model  constructed  to 
evaluate  differences  between  DODS  and  CFO  during  three 
simulated  breathing  patterns.  Differences  found  in  a  con- 
trolled setting,  without  anatomic,  physiologic  or  other 
clinical  variables,  might  help  to  explain  clinical  nonequi- 
valence  and  might  enable  more  knowledgeable  setting 
of  DODS  to  meet  oxygenation  goals  and  realize  oxygen 
savings. 


80 


-60 


F=26/min  Vt=500mL  Ti=0.8  sec 


F=15/min,  Vt=500mL,  Ti=  1.2  sec 


3.5 


F=20/min  Vt=500mL  Ti=1.0  sec 


Time,  sec 


Fig.  2.  Flow  waveforms  for  low  (f  =  15/min),  medium  (f  =  20/min),  and  high  (f  =  26/min)  respiratory  frequency  breathing  patterns.  Vt  =  tidal 
volume.  Ti      inspiratory  time. 
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Fig.  3.  Oxygen  delivery  flow  profile  for  each  demand  oxygen  de- 
livery system  (DODS)  model,  measured  at  a  setting  of  2,  respira- 
tory rate  =  20/min,  and  inspiratory-expiratory  ratio  (l-E)  =  1:2.  The 
Impulse  Select  model  DODS  has  2  modes  (A  and  B). 


Equipment  and  Methods 

Seven  currently  available  DODS  models  (described  in 
Appendix  l ).  and  CFO,  were  evaluated  using  a  mechanical 
lung  model.  The  model  was  constructed  to  simulate  a  nose, 
conducting  airways,  and  an  alveolar  chamber  (Fig.  1).  The 
conducting  airways  and  nose  represented  a  dead  space 
volume  of  150  mL.  The  apparatus  was  connected  to  a 
"respirating"  limb  of  a  test  lung  (Michigan  Instruments, 
Grand  Rapids.  Michigan),  driven  by  a  linked  ventilator 
(LP-6,  Aequitron  Medical,  Plymouth.  Minnesota).  Three 
respiratory  patterns  were  generated  by  the  ventilator,  rep- 
resenting low  (f  =  15/min),  medium  (f  =  20/min),  and 
high  (f  =  26/min)  respiratory  rate  conditions,  with  tidal 
volume  (VT)  =  500  mL,  and  inspiratory-expiratory  ra- 
tio =  1 :2  (Fig.  2).  Prior  to  the  FIO  testing,  the  oxygen  flow 
profile  output  from  the  DODS  models  were  measured  by 
an  electronic  flow  meter  (model  4040.  TSI  Inc.  St  Paul, 
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Respiratory  Rate,  min  ' 
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28 


Fig.  4.  Fraction  of  inspired  oxygen  (Fl02)  measured  for  each  de- 
mand oxygen  delivery  system  (DODS)  model  and  continuous  flow 
oxygen  (CFO)  during  the  3  breathing  patterns  shown  in  Fig.  2,  as 
driven  by  the  linked  ventilator.  Continuous  flow  oxygen  (CFO)  was 
set  at  2  L/min,  and  the  DODS  models  were  set  at  2. 


Minnesota).  Oxygen  used  was  also  measured  by  integrat- 
ing the  flow,  using  the  TSI  flow  meter.  FIO  in  the  alveolar 
chamber  was  measured  by  an  oxygen  analyzer  (model 
OM-25A,  Ceramatec  Inc,  Salt  Lake  City,  Utah)  for  each 
breathing  pattern,  at  1,2,  4,  and  6  L/min  settings  for  each 
DODS  and  for  CFO. 

Since  oxygen  use  and  F10i  vary  between  devices,  an 
oxygen  use  efficiency  (OUE)  calculation  was  developed  to 
evaluate  the  ability  of  each  DODS  model  to  both  deliver 
and  conserve  oxygen.  The  OUE  considers  the  amount  of 
supplemental  oxygen  in  the  alveolar  chamber  (as  mea- 
sured via  F|0)  relative  to  the  amount  of  oxygen  used  from 
the  source. 


OUE 


OUE  = 


supplemental  oxygen  in  test  lung 
oxygen  used  from  source 

(F,0:  -  0.21)  X  (VT  -  VD)  X  '/o.79 
V0: 


Where  VT  =  tidal  volume  (mL),  VD  =  dead  space  volume 
(mL),  V0  =  oxygen  used  from  source  per  breath  (mL), 
and  F,0  =  oxygen  concentration  measured  in  test  lung. 
Appendix  2  shows  the  derivation  of  the  OUE  calcula- 
tion. The  overall  OUE  was  calculated  by  averaging  the 
values  for  each  of  the  3  breathing  patterns  and  the  settings 
of  1 ,  2,  and  4  L/min  (setting  6  was  not  included  because 
not  all  models  have  setting  6). 

Results 

The  oxygen  delivery  flow  profiles  are  shown  in  Figure 
3.  There  were  clear  differences  in  flow  profiles  between 
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Fig.  5.  Calculated  oxygen  use  efficiency  for  7  demand  oxygen  delivery  system  models  and  continuous  flow  oxygen. 


DODS  models;  therefore,  the  models  were  identified  as 
three  types:  pulse,  demand  and  hybrid.  The  Impulse  Se- 
lect, Oxymatic  30 1,  and  EX-2000  models  deliver  an  early 
inspiratory  pulse  of  oxygen  at  a  flow  rate  higher  than  the 
"equivalent"  rate  (setting  in  L/min).  The  Venture  and  DOC- 
2000  demand  models  deliver  flow  at  the  "equivalent"  rate 
during  most  of  the  inhalation  phase,  as  if  in  response  to 
inspiratory  demand.  The  CR-50  and  02  Advantage  models 
are  hybrid  models  with  an  early  inspiratory  pulse  and  a 
subsequent  "equivalent"  flow  period. 

Figure  4  shows  the  FIOi  measurements  for  the  2  L/min 
setting.  At  settings  of  1,4,  and  6  L/min,  the  devices  dis- 
played similar  FIOi  response  to  changing  breathing  pat- 
terns. There  were  differences  between  CFO  and  the  DODS 
models  in  absolute  values  of  F,0  and  in  patterns  of  re- 
sponse to  increasing  respiratory  frequency.  The  F,0i  val- 
ues for  CFO  declined  markedly  with  increasing  frequency, 
while  FIOi  for  the  DODS  models  was  maintained  or  de- 
clined slightly.  Supplemental  oxygen  (F,0i  increase  over 
21%)  decreased  43%  from  low  to  high  respiratory  fre- 
quency for  CFO.  Pulse  DODS  models  increased  an  aver- 
age of  2%,  demand  models  decreased  27%,  and  hybrid 
models  decreased  18%. 

Figure  5  shows  the  calculated  OUE  values.  All  of  the 
DODS  models  tested  provided  more  efficient  oxygen  de- 
livery than  CFO.  The  DODS  displayed  a  wide  range  of 
efficiency  values,  and  the  pulse  DODS  models  tended  to 
achieve  higher  efficiency  values  than  the  demand  or  hy- 
brid models. 


Discussion 

In  this  controlled-setting  comparison  of  DODS  models 
and  CFO  we  found  differences  in  absolute  values  of  F,0i 
and  patterns  of  response  to  increasing  respiratory  rate. 
Two  previous  studies  comparing  DODS  models  have  found 
performance  differences  between  models.810  We  now  re- 
port differences  between  models  currently  available  that 
associate  their  flow  delivery  profiles  with  oxygen  delivery 
and  oxygen  conservation.  This  can  be  explained  by  3  fac- 
tors: pooling,  dilution,  and  timing  of  oxygen  delivery. 

Pooling 

The  higher  FIOi  delivered  by  CFO  at  the  lower  respira- 
tory frequency  can  be  explained  by  an  anatomic  reservoir, 
allowing  pooling  of  oxygen  from  the  end  of  the  last  ex- 
halation. This  pooling  would  occur  if  a  potential  chamber 
(nose)  exists  and  end-expiratory  flow  from  the  patient  has 
ended  or  is  negligible.  End-expiratory  flow  would  flush 
the  reservoir.  In  our  model,  as  respiratory  frequency  in- 
creased, this  effect  diminished,  since  expiratory  flow  ex- 
tends toward  end-exhalation  as  expiratory  time  shortens. 
Demand  type  DODS  delivered  lower  F10i  than  CFO  at  low 
respiratory  frequency,  and  nearly  the  same  at  high  fre- 
quency. The  pooling  effect  would  explain  this. 

Dilution 

With  increasing  respiratory  frequency,  the  increase  in 
minute  ventilation  dilutes  the  oxygen  dose  from  CFO.  The 
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pulse  DODS  models  deliver  the  same  volume  of  oxygen 
per  breath  regardless  of  frequency.  This  could  explain  the 
flatter  F,0i  response  to  increasing  respiratory  frequency 
with  the  pulse  DODS  models.  Shortened  inspiratory  time 
might  reduce  dosing  with  the  demand  and  hybrid  models. 
The  response  of  F,0i  to  increasing  frequency  is  not  as  well 
maintained  with  the  demand  and  hybrid  models  as  with  the 
pulse  models. 

Timing  of  Oxygen  Delivery 

The  observed  efficiency  was  also  partly  determined  by 
the  timing  of  the  oxygen  delivery.  Assuming  bulk  gas 
flow,  the  final  30%  of  an  inspiratory  volume  would  oc- 
cupy dead  space  (150  mL  dead  space,  500  mL  VT).  If 
oxygen  is  delivered  early  in  the  inspiration,  it  is  more 
likely  to  reach  the  alveoli,  which  would  explain  the  higher 
efficiency  of  the  early  delivery  pulse  type  DODS.  Late 
inspiratory  oxygen  may  just  occupy  proximal,  dead  space 
regions,  so  a  demand  type  DODS  that  delivers  oxygen 
during  the  later  portion  of  inhalation  would  be  less  effi- 
cient than  a  pulse  type,  which  delivers  only  during  the 
early  portion  of  inhalation.  There  are  2  hybrid  devices:  one 
that  delivers  throughout  inhalation  is  less  efficient  than 
one  that  shortens  delivery  to  a  portion  of  inhalation.  The 
differences  in  efficiency  values  are  striking.  The  values 
imply  that  approximately  20%  of  the  CFO  reaches  the 
alveolar  chamber,  while  with  some  of  the  DODS  models, 
almost  100%  of  the  oxygen  reaches  the  alveolar  chamber. 

There  are  several  limitations  of  this  bench  study  that 
suggest  caution  in  extrapolating  the  findings  to  the  clinical 
setting.  First,  this  study  does  not  account  for  the  wide 
variability  in  breathing  patterns.  Only  3  breathing  patterns 
were  tested  at  4  flow  settings — hardly  the  full  range  of 
clinical  use.  The  breathing  patterns  tested  are  not  neces- 
sarily representative  of  other  conditions  such  as  sleep,  vig- 
orous exercise,  or  restrictive  lung  disease.  For  example, 
triggering-sensitivity  of  DODS  may  be  an  important  issue 
when  breathing  is  shallow.  Device  triggering  sensitivity 
was  not  quantified  in  this  study.  Second,  our  lung  model 
represents  only  some  mechanical  aspects  of  ventilation. 
Flow  through  a  machined  nose  and  smooth  bore  tubing 
may  not  produce  the  gas  mixing  characteristics  of  the  hu- 
man airway.  Furthermore,  the  model  cannot  represent  the 
distribution  of  oxygen  throughout  the  lungs  or  its  adsorp- 
tion by  the  blood.  Ventilation/perfusion  relationships  and 
gas  distribution  differ  between  patients  and  bear  on  oxy- 
gen delivery.  Finally,  since  no  oxygen  was  consumed  in 
our  setup,  the  actual  Flo  measurements  are  artificially 
high  and  cannot  be  used  for  clinical  comparison.  Never- 
theless, the  model  highlights  differences  between  DODS 


devices  and  CFO.  It  is  clear  that  further  investigation  of 
DODS  is  necessary,  particularly  in  the  clinical  setting. 

Conclusions 

As  use  of  DODS  spreads,  a  thorough  understanding  of 
their  operation  and  appropriate  application  becomes  in- 
creasingly important.  In  this  bench  study  comparison  of 
DODS  models  and  CFO,  we  found  differences  that  may  be 
relevant  to  clinical  practice.  DODS  models  were  not  equiv- 
alent to  CFO  or  to  each  other  in  F,0n  delivery  or  OUE. 

All  7  DODS  models  conserved  oxygen  (compared  to 
CFO)  and  maintained  a  more  constant  F^  with  increasing 
respiratory  frequency  than  did  CFO.  The  pulse  DODS 
models  tended  to  conserve  more  oxygen  and  maintain  a 
more  constant  FIO  than  the  demand  and  hybrid  DODS 
models. 

Further  testing  of  DODS  should  include  titration  of  set- 
tings under  a  range  of  conditions  to  attain  adequate  satu- 
ration while  evaluating  oxygen  savings.  To  customize  ox- 
ygen therapy  to  the  patient,  the  DODS  model  or  CFO 
should  be  set  to  meet  adequate  saturation  goals  (ie,  > 
90%)  under  conditions  of  usual  use,  including  rest  and 
exercise. 
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Devices  Tested 

Unless  otherwise  noted,  all  devices  use  a  standard  nasal  cannula  and  operate  on  alkaline  batteries. 

Impulse  Select.  Airsep  Corporation  (www.airsep.com),  Buffalo,  New  York.  Airsep  manufactures  2 
demand  oxygen  delivery  systems:  the  Impulse  and  the  Impulse  Select.  We  tested  the  Impulse 
Select.  In  operation  mode  A,  the  device  operates  similar  to  the  CHAD  Oxymatic  301  (see  below), 
delivering  a  35  mL  pulse  at  every  breath  when  set  at  4,  skipping  breaths  at  lower  settings.  At 
settings  5  and  6,  the  pulse  is  larger.  In  operation  mode  B,  the  device  operates  similar  to  the 
DeVilbiss  EX2000,  delivering  fixed  flow  rate  (12  L/min)  pulses  of  longer  duration  with  increasing 
setting.  Includes  built-in  high  pressure  regulator  for  use  with  cylinder.  The  Impulse  model  operates 
similar  to  the  CHAD  Oxymatic  301. 

Oxymatic  301.  CHAD  Therapeutics  Inc  (www.chadtherapeutics.com),  Chatsworth,  California. 
Delivers  a  fixed  volume  pulse  (approximately  38  mL)  of  oxygen  at  the  onset  of  inhalation.  At 
setting  4,  delivers  every  breath.  At  settings  3,  2,  and  1,  delivers  on  3  of  4,  every  other,  and  every 
fourth  breath,  respectively.  Uses  any  20  psi  oxygen  source  with  a  4  L/min  flow  control. 

EX-2000.  DeVilbiss,  a  division  of  Sunrise  Medical  Inc  (www.sunrisemedical.com),  Somerset, 
Pennsylvania.  Integrated  high  pressure  regulator  and  conserving  device  that  fits  around  the  post 
valve  of  a  high  pressure  cylinder.  Delivers  a  pulse  at  10  L/min  at  the  onset  of  each  inhalation.  On 
time  is  varied  from  0.050  to  0.6  seconds,  depending  on  the  setting.  DeVilbiss  also  manufactures  a 
liquid  oxygen  portable  system  with  a  similar  demand  oxygen  delivery  system  built  in. 

Venture.  Invacare  Corporation  (www.invacare.com),  Elyria,  Ohio.  Connects  to  a  standard  fixed 
orifice  regulator  or  liquid  system.  Delivers  externally  set  "equivalent"  flow  rate  for  1.0  seconds 
beginning  at  the  onset  of  each  inhalation.  Rechargeable  internal  battery  or  AC  adapter. 

CR-50.  Nellcor  Puritan  Bennett  Corporation,  a  division  of  Mallinckrodt  Inc  (www.nellcorpb.com), 
St  Charles,  Missouri.  Integrated  high  pressure  regulator,  flow  control  and  demand  valve  that 
mounts  directly  to  a  high  pressure  cylinder.  Delivers  a  12  mL  bolus  at  the  onset  of  each  inhalation, 
then  continues  to  deliver  at  the  set  flow  rate  (1-6  L/min)  until  the  end  of  inhalation.  Uses  dual 
lumen  cannula.  Settings  of  0.25,  0.50,  and  0.75  L/min  are  automatically  delivered  in  a  continuous 
flow  oxygen  mode.  Pneumatic  (no  battery).  Nellcor  Puritan  Bennett  also  manufactures  a  liquid 
oxygen  portable  system  with  a  similar  demand  oxygen  delivery  system  built  in. 

DOC-2000.  Transtracheal  Systems  (www.transtracheal.com),  Englewood,  Colorado.  Connects  to 
a  standard  fixed  orifice  regulator  or  liquid  system.  Delivers  externally  set  "equivalent"  flow  rate 
for  0.7  seconds  beginning  at  the  onset  of  each  inhalation.  Similar  in  function  to  the  Invacare 
Venture.  DOC-2000  is  the  only  device  that  delivers  continuous  flow  oxygen  in  the  event  of  power 
failure,  battery  depletion,  or  apnea.  Rechargeable,  replaceable  external  battery  or  AC  adapter. 

02  Advantage.  Western  Medica  (www.westernmedica.com),  Westlake,  Ohio.  Connects  to  a 
standard  fixed  orifice  regulator  or  liquid  system.  Delivers  a  small  bolus  at  the  onset  of  inhalation 
and  continues  to  flow  at  the  externally  set  "equivalent"  flow  for  a  set  portion  of  inhalation.  Device 
can  be  set  with  internal  switches  to  deliver  for  33,  40,  50,  or  70%  of  measured  inspiratory  time. 
Uses  dual  lumen  cannula.  Factory  setting  of  40%  used  in  this  study. 
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Oxygen  Use  Efficiency  Calculation 

Vx  Tidal  Volume  (in  mL) 

Vd  Dead  Space  Volume  (in  mL) 

Vo2  Volume  of  Oxygen  Used  from  Source  (mL  per  Breath) 

Vo2T  Volume  (in  mL)  of  Oxygen  Contained  in  Tidal  Volume 

Vo2L  Volume  of  Oxygen  Entering  Alveolar  Chamber  (mL  per  Breath) 

Vair  Volume  of  Air  Entering  Alveolar  Chamber  (mL  per  Breath) 

F|o2  Fraction  of  Inspired  Oxygen  Measured 


Define: 

Oxygen  Use  Efficiency  =  Vo2l<Vo2 


(1) 


Mass  balance  assumptions: 

VT  =  Vair  +  Vo2l  +  VD       (2) 

Vo2T  =  VT  x  Fio2  =  0.2 1  x  VAiR  +  VD  x  Fio2  +  V02l      (3) 

Solve  equation  (3)  for  Vo2L 

Vo2L  =  VT  x  FI02  -  0.2 1  x  VA1R  -  VD  x  F,o2  (4) 

Solve  (2)  for  Vair.  Substitute  into  equation  (4)  and  simplify: 

Vo2L  =  VT  x  Fio2  -  0.21  x  (VT  -  VD-  V02l)  -  VD  x  Fio2 
Vq2l  -  0.2 1  x  Vq2l  =  ( VT  -  VD)  x  F,o2  -  0.2 1  x  (VT  -  VD) 


Vo2L  =  (VT  -  VD)  x  (Fio2  -  0.21)  x  V0.79 


Substitute  equation  (5)  into  equation  (1): 


(5) 


Oxygen  Use  Efficiency  = 


(VT_VD)x(FI02-0.21)x1/o. 


79 


Vo2 
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Clinical  Validation  of  the  Functional  Performance  Inventory  in 
Patients  with  Chronic  Obstructive  Pulmonary  Disease 

Nancy  Kline  Leidy  PhD  and  Ann  R  Knebel  DNSc  RN 


OBJECTIVE:  Examine  the  clinical  validity  of  the  Functional  Performance  Inventory  (FPI),  a  new 
functional  outcome  indicator  for  patients  with  chronic  obstructive  pulmonary  disease  (COPD). 
METHODS:  Subjects  with  COPD  were  recruited  from  an  asthma  and  allergy  clinic  where  they 
completed  the  FPI,  Functional  Status  Questionnaire  (FSQ),  Duke  Activity  Status  Index  (DASI), 
pulmonary  function  tests  (PFT)  and  12-minute  walk  distance  (12-MWD)  test.  Subjects  wore  a  wrist 
actigraph  to  monitor  physical  movement  over  a  3-day  mid-week  period  while  they  recorded  their 
physical  activities,  activity  difficulty,  and  symptoms  (dyspnea,  fatigue)  using  the  NIH  Activity 
Record  (ACTRE).  PATIENTS:  Twenty-two  patients  (13  men,  9  women)  participated  in  the  study. 
Mean  (±  SD)  age  of  the  sample  was  64  ±  10  years;  forced  expiratory  volume  in  the  first  second 
(FEV,)  =  1.0  ±  0.46  L;  percent  of  predicted  FEV,  =  37.30%  ±  3.99%;  and  12-MWD  =  1683  ± 
872  ft.  RESULTS:  FPI  total  score  correlated  significantly  (p  <  0.05)  with  percent  of  predicted  FEV, 
(r  =  0.55),  12-MWD  (r  =  0.52),  diary  data  for  dyspnea  (r  =  -0.59),  fatigue  (r  =  -0.62)  and 
difficulty  with  activity  (r  =  -0.71),  and  FSQ  basic  (r  =  0.61)  and  intermediate  (r  =  0.70)  activities 
of  daily  living.  Correlations  with  the  DASI  (r  =  0.43)  and  actigraph  (r  =  0.26)  were  moderate,  but 
not  statistically  significant.  The  household  maintenance  subscale  correlated  (p  <  0.05)  with  all  of  the 
validation  measures  (r  =  0.52  to  0.81),  including  the  activity  monitor  (r  =  0.52).  CONCLUSIONS: 
The  results  suggest  the  FPI  is  a  valid  instrument  for  evaluating  subjective  performance  in  COPD 
patients.  [Respir  Care  1999;44(8):932-939]  Key  words:  obstructive  lung  disease,  functional  perfor- 
mance inventory,  functional  status,  activities  of  daily  living. 


Functional  status  is  an  important  indicator  of  the  impact 
of  disease  on  daily  life  and  can  serve  as  a  primary  outcome 
in  evaluating  the  effectiveness  of  treatment.  A  comprehen- 
sive evaluation  of  functional  status  includes  assessment  of 
both  the  patient's  functional  capacity  (ie,  his  or  her  poten- 
tial to  participate  in  daily  activity  based  on  their  physical 
or  psychological  health)  and  his  or  her  functional  perfor- 
mance (ie,  the  degree  of  difficulty  with  which  activities  are 
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actually  performed  on  a  day-to-day  basis).'-2  Clinical  ob- 
servation and  empirical  evidence  suggest  that  chronic  ob- 
structive pulmonary  disease  (COPD)  constrains  daily  ac- 
tivities, but  the  absence  of  a  comprehensive,  condition- 
targeted,  patient-based  assessment  tool  has  limited  our 
ability  to  profile  these  performance  difficulties,  target  in- 
terventions toward  specific  domains  of  activity,  and  eval- 
uate treatment  in  terms  of  performance  outcomes. 

Attempts  have  been  made  to  use  the  generic  Sickness 
Impact  Profile  (SIP)  to  evaluate  functional  performance  in 
COPD  patients,  but  the  SIP  confounds  physical  and  psy- 
chological symptoms  with  activity,  making  it  impossible 
to  isolate  effects.  The  SIP  has  also  been  insensitive  to 
change  in  the  COPD  population.3-6  Instruments  such  as 
the  Functional  Status  Questionnaire  (FSQ),  Duke  Activity 
Status  Index  (DASI),  Index  of  Activities  of  Daily  Living, 
Barthel  Index,  and  the  PULSES  (physical,  upper  extrem- 
ities, lower  extremities,  sensory,  excretory,  social  support 
[physical  profile])  focus  heavily  on  activities  of  daily  liv- 
ing and  are  limited  in  (or  exclude  altogether)  the  perfor- 
mance of  recreational  or  social  activities.7-"  The  Karnof- 
sky  Performance  Status  Scale  must  be  administered  by  a 
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professional,  which  increases  costs,  complicates  designs, 
and  makes  large  surveys  or  outcome  studies  virtually  im- 
possible. In  addition,  the  Karnofsky  Performance  Status 
Scale  was  intended  for  use  with  cancer  patients,  which 
raises  questions  about  its  utility  and  efficacy  across  patient 
populations.12 

Two  measures  of  functional  status  specific  to  the  COPD 
population  have  been  developed  to  date:  the  Pulmonary 
Functional  Status  and  Dyspnea  Questionnaire  (PFSDQ)1314 
and  the  Pulmonary  Functional  Status  Scale  (PFSS).15  The 
development  and  evaluation  of  these  instruments  are  well 
documented,  and  both  have  shown  evidence  of  reliability 
and  validity  as  functional  status  measures.  However,  both 
have  limitations  in  light  of  the  multidimensional  nature  of 
functional  status  and  the  need  to  isolate  and  operationalize 
functional  performance  across  multiple  domains.1-2  The 
intent  of  the  164-item  PFSDQ  and  the  40-item  PFSDQ- 
modified,  for  example,  is  to  measure  both  dyspnea  inten- 
sity and  change  in  the  patient's  ability  to  perform  daily 
activities  after  the  onset  of  disease,  rather  than  to  profile 
current  level  of  performance.  The  35-item  PFSS  describes 
patient  functional  status  along  3  dimensions:  daily  activi- 
ties/social functioning,  psychological  functioning,  and  sex- 
ual functioning,  with  specific  domains  of  activity  sub- 
sumed within  these  dimensions.  Activities  related  to  body 
care,  household  maintenance,  and  recreation,  for  example, 
are  included  in  the  daily  activities/social  functioning  score. 
This  limits  the  user's  ability  to  identify  specific  domains 
of  activity  that  are  problematic  or  that  are  responding  to 
treatment. 

The  Functional  Performance  Inventory  (FPI)  was  de- 
signed to  evaluate  the  COPD  patient's  subjective  percep- 
tion of  functional  performance  across  6  domains  of  activ- 
ity: body  care,  household  maintenance,  physical  exercise, 
recreation,  spiritual  activities,  and  social  activities.  Items 
and  structure  of  the  instrument  were  based  on  an  analytical 
framework,  in-depth  review  of  the  literature,  qualitative 
interviews  with  COPD  patients,  and  input  from  respiratory 
clinicians.1'21617  Internal  consistency  reliability,  reproduc- 
ibility and  construct,  concurrent  and  discriminant  validity 
of  the  instrument  were  examined  in  a  cross-sectional  sur- 
vey of  154  patients  with  COPD  and  a  sub-sample  of  40 
relatives.16 

The  present  study  advances  previous  research  on  the 
validity  of  the  FPI  by  examining  the  clinical  validity  of  the 
instrument,  detailing  its  performance  in  a  small  sample  of 
COPD  patients.  Specifically,  this  study  explores  the  de- 
gree to  which  the  FPI  relates  to  (1)  disease  severity  (ie, 
elements  of  capacity  that  constrain  performance:  forced 
expiratory  volume  in  1  second  as  a  percentage  of  predicted 
value  [FEV,  percent  of  predicted],  and  12-minute  walk 
distance  [12-MYVD]);  (2)  patient  self-report  of  activity- 
related  dyspnea,  fatigue  and  difficulty,  gathered  through  a 
daily  diary,  the  National  Institutes  of  Health  (NIH)  Activ- 


ity Record  (ACTRE);lsly  (3)  activity  levels  recorded  with 
an  electronic  motion  detector,  the  Dual-Mode  Mini-Mo- 
tionlogger  actigraph  (Ambulatory  Monitoring  Inc,  Ards- 
ley,  New  York),  and  (4)  two  alternative  subjective  mea- 
sures of  activity  that  were  consistent  with  the  underlying 
framework1-2  but  less  comprehensive  than  the  FPI — the 
Duke  Activity  Status  Index  (DASI)8  and  the  FSQ  Activi- 
ties of  Daily  Living  (ADL)  and  Intermediate  Activities  of 
Daily  Living  (IADL)  scales.9 


Methods 


Subjects 


Twenty-three  subjects,  recruited  through  the  Johns  Hop- 
kins Asthma  and  Allergy  Center,  participated  in  the  study. 
Criteria  for  eligibility  were  medical  diagnosis  of  COPD, 
chronic  bronchitis,  or  emphysema;  an  FEV,  percent  of 
predicted  s  70%;  freedom  from  other  conditions  that  ad- 
versely affect  performance  (eg,  obesity,  use  of  a  cane  or 
walker,  severe  arthritis);  the  ability  and  willingness  to  come 
to  the  clinic  for  pulmonary  function  tests  (PFTs)  and  12- 
MWD  testing;  and  ability  to  wear  and  interest  in  wearing 
an  actigraph  and  recording  activities  in  a  diary  for  3  days. 

Measures 

The  Functional  Performance  Inventory  (FPI)  asks  sub- 
jects to  respond  to  each  of  65  activities,  identifying  those 
they  choose  to  perform  and  rating  the  ease/difficulty  with 
which  they  are  performed.  The  response  scale  ranges  from 
0  to  4,  with  an  option  to  indicate  that  the  activity  is  not 
performed  for  reasons  other  than  health.  Items  include 
activities  COPD  patients  often  find  difficult,  such  as  wash- 
ing hair,  caring  for  feet,  vacuuming,  changing  sheets,  mow- 
ing the  lawn,  getting  in  and  out  of  a  car,  short  walks 
around  the  neighborhood  or  mall,  talking  on  the  telephone, 
and  overnight  travel.  Six  subscales  comprise  the  FPI:  body 
care  (9  items),  household  maintenance  (21  items),  physical 
exercise  (7  items),  recreation  (1 1  items),  spiritual  activities 
(5  items),  and  social  activities  ( 1 2  items).  Higher  scores  on 
the  FPI  indicate  higher  levels  of  performance.  The  internal 
consistency  reliability,  a  coefficient,  for  the  FPI  total  score 
in  this  sample  was  0.98.  The  a  coefficients  for  the  6  sub- 
scales  were  as  follows:  body  care,  0.87;  household  main- 
tenance, 0.90;  physical  exercise,  0.78;  recreation,  0.84: 
spiritual  activities.  0.96:  and  social  activities,  0.93.  These 
levels  are  consistent  with  those  reported  previously.16 

Pulmonary  function  (FEV,  percent  of  predicted)  and 
12-MWD  were  used  as  indicators  of  disease  severity.  Pro- 
cedures for  gathering  these  data  are  outlined  in  the  next 
section. 

The  ACTRE  is  a  structured  diary  for  recording  daily 
activities  with  the  associated  levels  of  dyspnea,  fatigue. 
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rest,  and  feelings  of  difficulty,  competence,  meaning,  and 
enjoyment.  Days  are  shown  in  half-hour  increments  and 
data  are  divided  into  morning,  afternoon,  and  evening.  To 
minimize  subject  burden  and  reduce  recall  difficulties,  sub- 
jects are  asked  to  complete  the  diary  recordings  3  times 
each  day.  Subjects  record  their  activities,  the  level  of  phys- 
ical activity  required  (ie,  asleep,  mostly  lying  down,  mostly 
sitting,  or  mostly  standing  or  moving  around),  the  category 
of  activity  (eg,  rest,  self-care,  preparation,  and  planning), 
and  the  symptoms,  meaning,  and  enjoyment  associated 
with  each  activity.  The  ACTRE  was  developed  and  vali- 
dated for  use  in  patients  with  rheumatoid  arthritis1819  and 
has  been  used  to  evaluate  symptoms  and  activities  in  pa- 
tients with  fibromyalgia.20  For  purposes  of  this  study,  mi- 
nor adjustments  were  made  in  the  ACTRE  symptom  ques- 
tions (dyspnea  rather  than  pain).  The  percentage  of  wake 
time  during  which  the  subject  experienced  activity-related 
symptoms  or  performance  difficulty  was  used  in  this  study. 

The  Dual-Mode  Mini-Motionlogger  actigraph  is  a  bat- 
tery-driven wrist-worn  device  (accelerometer),  about  the 
size  and  weight  (<  3  oz)  of  a  watch,  that  counts  and 
records  movement.  Deflection  of  the  free  end  of  the  Ac- 
tigraph's  piezoelectric  bilaminar  bender  element  generates 
a  voltage  proportional  to  the  deflection,  which  emits  a 
fixed-rate,  fixed-duration  pulse  recorded  according  to  pre- 
programmed epochs.  The  device  is  programmed  and  data 
are  downloaded  through  an  interface  device  and  personal 
computer.  The  sensitivity  of  the  Actigraph  to  variations  in 
activity  has  been  demonstrated  in  laboratory  settings.21-22 
The  validity  of  the  instrument  as  an  indicator  of  functional 
performance  has  been  shown  in  the  correlation  between 
movement  frequency  and  24-hour  activity  diary  data  in 
healthy  young  adults.21  In  this  study,  2  modes  of  motion 
detection  were  used:  zero-crossing  mode  (ZCM)  and  time- 
above-threshold  (TAT).  ZCM  counts  the  number  of  times 
per  epoch  the  transducer  is  displaced  above  and  below  the 
reference  threshold,  estimating  the  frequency  of  move- 
ment. TAT  enables  a  10  Hz  counter  whenever  suprath- 
reshold  activity  is  reached,  estimating  duration  of  move- 
ment in  number  of  millisecond  counts  stored.  To  stabilize 
within-subject  movement  variability,  mean  TAT  and  ZCM 
values  were  divided  by  their  standard  deviations.  Thus, 
values  associated  with  habitual  movement  received  great- 
est weight:  values  associated  with  idiosyncratic  movements 
received  less  weight.22 

Finally.  2  instruments  were  selected  to  evaluate  the  con- 
current validity  of  selected  subscales  of  the  FP1:  the  FSQ 
and  the  DASI.  The  FSQ  is  a  brief  (28-item)  self-report 
instrument  designed  to  measure  functioning  in  ambulatory 
patients. ''•2-1  Items  from  2  of  the  6  dimensions  of  the  FSQ 
were  consistent  with  the  intent  of  the  FPI1  and  were  used 
in  the  analyses.  The  2  dimensions  were:  basic  ADL  (con- 
sisting of  3  items  related  to  self-care  such  as  bathing);  and 
IADL  (consisting  of  6  items  related  to  intermediate  activ- 


ities such  as  shopping).  The  FSQ  has  been  tested  for  re- 
liability and  validity  in  various  clinical  populations,  and 
has  been  used  as  an  indicator  of  functional  status  in  a 
number  of  studies.24-30  Internal  consistency  reliability  es- 
timates (Cronbach's  coefficient  alpha,  a)  for  the  ADL  and 
IADL  subscales  were  0.79  and  0.82,  respectively,  in  1,153 
ambulatory  patients.9-31  Cronbach's  a  for  these  2  subscales 
in  the  current  sample  was  0.81  and  0.80.  respectively. 

The  DASI  is  designed  to  measure  physical  fitness  and 
cardiac  functional  capacity  indirectly,  through  a  brief  (12 
item)  self-administered  questionnaire  about  the  subject's 
ability  to  perform  various  activities.8  Each  activity  is 
weighted  according  to  its  known  metabolic  cost  in  meta- 
bolic equivalent  units.  The  Spearman  correlation  coeffi- 
cient (rs),  describing  the  relationship  between  the  DASI 
and  peak  oxygen  uptake,  was  0.81  in  the  initial  instrument 
development  sample,  and  0.58  in  the  instrument  validation 
sample,  (p  <  0.0001).  The  DASI  was  also  correlated  with 
the  Canadian  Cardiovascular  Society  Classification  in  these 
2  samples  (rs  =  0.58  and  rs  =  0.49,  respectively).  The 
internal  consistency  reliability  for  the  DASI  in  the  present 
study  was  0.88. 

Procedures 

The  study  was  approved  by  the  Johns  Hopkins  Univer- 
sity Institutional  Review  Board.  Subjects  completed  a  ques- 
tionnaire booklet  that  included  the  FPI.  a  demographic 
questionnaire,  and  additional  validation  measures.  Each 
patient  was  instructed  in  the  completion  of  the  ACTRE 
and  participated  in  a  minimum  of  one  practice  session.  The 
patients  were  instructed  to  wear  the  actigraph  as  they  would 
a  watch,  continuously  from  the  time  they  left  the  clinic 
until  they  returned.  Although  the  instrument  is  water-re- 
sistant, they  were  asked  to  remove  it  during  bathing  to 
reduce  the  probability  of  mechanical  failure.  In  order  to 
avoid  weekend  effects,  all  monitoring  took  place  Monday 
through  Friday. 

Subjects  performed  PFTs  and  12-MWD  tests  immedi- 
ately prior  to  or  after  the  monitoring  period.  Twenty-two 
of  the  23  subjects  completed  PFTs  within  24  hours,  and  20 
completed  the  12-MWD  test  within  this  time  frame.  One 
subject  completed  pulmonary  function  and  12-MWD  tests 
within  14  days;  2  were  unable  to  complete  the  12-MWD. 

PFTs  were  performed  by  an  individual  trained  and  ex- 
perienced in  spirometry,  following  standard  procedures 
recommended  by  the  American  Thoracic  Society,  and  ac- 
cording to  approved  standards  at  the  Johns  Hopkins  Asthma 
and  Allergy  Center  Pulmonary  Function  Laboratory.32  The 
12-MWD  tests  were  conducted  in  accordance  with  the 
recommendations  of  McGavin  et  al.33  Subjects  were  first 
oriented  to  the  walk  environment  and  instructed  in  the 
rating  scales  of  exertion'4  ,5  and  breathlessness.,h-'7  A 
2-minute  practice  walk  was  conducted,  followed  by  a  rest 
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Table  1 .      Sample  Sociodemographic  and  Clinical  Characteristics 


Sociodemographic 

Clinical 

Sample  size 

22 

Duration  of  illness  (years) 

Gender 

13  Men 

9  Women 

Pulmonary  function 
FEV,  (liters) 

Age  (years) 

64.0  ±  10.10 

FEV,  predicted 
FEV,/FVC 

Marital  status 

«(%) 

Married 

12(55) 

Widowed 

6(27) 

12-Minute  walking  distance  test 

Divorced,  separated,  single 

4(18) 

Distance  walked  (feet) 
Pulse  elevation  (beats/min) 

Median  income 

$10-30,000 

Post  walk  dyspnea34 
Perceived  exertion  (RPE) 

Education 

n  (%) 

<  High  school 

7  (32) 

Functional  Status  Questionnaire  (FSQ) 

High  school  diploma 

9(41) 

Activities  of  Daily  Living  (ADL) 

a  High  school 

6(27) 

Intermediate  ADL 

Employment  status 

«  (%) 

Duke  Activity  Status  Index  (DASI)  (n 

Retired  or  disabled 

16  (73) 

Full-  or  part-time 

2(9) 

Actigraph  (n  =  20) 

Other 

4(18) 

Zero  crossing  mode  (counts/msec) 

Living  arrangements 

«(%) 

Time  above  threshold  (msec/movem 

Living  alone 

5(23) 

Living  with  another 

17(77) 

Mean  ±  SD 


11.32  ±  10.72 


0.99    ±  0.46 

37.30  ±  13.99 

0.47    ±0.12 


1682.23  ±  872 

12.85  ±.64 

5.07  ±  2.90 

12.65  ±  3.05 


77.27    ±  1.27 
52.17  ±  22.31 

9.98  ±  12.18 

1.81       ±.35 
1 .77      ±  .37 


n  =  number;  FEV|  *  forced  expiratory  volume  in  ihe  first  second:  FVC  =  forced  vital  capacity;  FEV  [/FVC  =  ratio  of  FEV,  to  FVC;  RPE  =  rale  of  perceived  exertion. 


period  to  baseline.  Patients  then  recorded  their  resting 
breathlessness  and  proceeded  with  the  test.  At  the  com- 
pletion of  the  test,  each  subject  rated  his  or  her  perceived 
exertion  and  repeated  their  rating  of  breathlessness.  Dur- 
ing both  the  practice  and  12-MWD  test,  subjects  were 
accompanied  by  a  trained  research  nurse  who  provided 
standardized  encouragement,  monitored  oxygen  saturation 
and  heart  rate,  and  carried  portable  oxygen  for  the  5  sub- 
jects who  required  supplement. 

Data  Analysis 

Pearson  correlation  procedures  were  used  to  evaluate 
the  relationship  between  the  FPI  and  each  of  the  validation 
indices.  Because  the  study  was  exploratory,  no  adjust- 
ments were  made  for  multiple  testing  procedures.  Results 
were  examined  in  light  of  Cohen's  criteria  for  interpreting 
the  size  of  correlation  coefficients,  where  an  r  of  0.10  is 
considered  small,  an  r  of  0.30  is  considered  medium,  and 
an  r  of  0.50  is  considered  large.38  According  to  Cohen, 
many  coefficients  reported  in  the  behavioral  sciences,  and 


most  validity  coefficients  (correlations  between  a  measure 
and  its  criterion),  fall  into  the  medium  effect  category. 

Results 


Thirteen  men  and  10  women  participated  in  the  study;  1 
woman  employed  as  a  night  shift  worker  was  excluded 
from  the  analyses  because  of  the  instability  of  her  sleep 
and  activity  patterns.  Table  1  shows  sociodemographic 
and  clinical  characteristics  of  the  participants.  Most  were 
retired  and  living  with  a  spouse  or  adult  child.  Subjects  felt 
their  disease  was  moderate  to  severe,  reporting  a  mean 
rating  of  2.77  (±  0.69)  on  a  scale  of  1  (mild)  to  4  (very 
severe).  They  also  perceived  that  their  breathing  problems 
severely  affected  their  activity,  with  a  mean  rating  of  3.77 
(±  0.92)  on  a  scale  of  1  (mild)  to  4  (very  severe).  Ac- 
cording to  the  ACTRE  diary,  subjects  spent  34%  ±  14% 
of  their  awake  activity  time  engaged  in  activities  such  as 
standing  or  walking.  While  awake,  subjects  experienced 
difficulty  performing  activities  16%  ±  21%  of  the  time. 
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Total  Body  Care     Household       Physical       Recreation       Spiritual  Social 

Maintenance     Exercise  Activities       Activities 

Subscale 

Figure  1 .  Functional  Performance  Inventory  Profile.  Higher  scores  indicate  higher  levels  of  performance.  Values  are  mean  scores  ±  standard 
deviation.  Range  for  each  scale  and  total  score:  0-3. 


Table  2.       Pearson  Correlation  Coefficients  between  Functional  Performance  Inventory  Scores  and  Validation  Measures 


Validation  Measure 

Functional  Performance 

Pulmonary 
exercise 

function  and 
tolerance 

NIH  Activity  Record 

Diary 

Other  subject 

ve  performance 

measures 

Inventory  Subscale 

12- 

MWD 

(«  =  21) 

FEV,% 

Dyspnea 

Fatigue 

Difficulty 

FSQ-ADL 

FSQ-IADL 

DASI 

(»  =  22) 

(n  =  22) 

(»  =  22) 

(«  =  22) 

(n  =  19) 

(«  =   19) 

(«  =  19) 

Body  Care 

0.23 

0.45* 

-0.27 

-0.25 

-0.62t 

0.77t 

O.oOt 

0.01 

Household  maintenance 

0.611 

0.64t 

-0.60t 

-0.63t 

-0.7  It 

0.76t 

0.8  It 

0.55* 

Physical  exercise 

0.44* 

0.32 

-0.32 

-0.42* 

-0.56t 

0.52* 

0.50* 

0.10 

Recreation 

0.45* 

0.53* 

-0.66t 

-0.65t 

-0.72t 

0.57t 

0.7  It 

0.54* 

Spiritual  activities 

0.34 

0.20 

-0.32 

-0.36 

-0.24 

0.11 

0.23 

0.14 

Social  activities 

0.48* 

0.44* 

-0.56t 

-0.54t 

-0.73t 

0.52* 

0.64t 

0.64t 

Total  score 

0.55t 

0.52* 

-0.59t 

-0.62t 

-0.7  It 

0.6  It 

0.70t 

0.43 

FKV|  -  Forced  expiratory  volume  in  the  first  second.  12-MWD  =  12-minule  walking  distance  test.  I-'SQ-ADL  =  Functional  Status  Questionnaire 
Functional  Status  Questionnaire  -   Intermediate  Activities  of  Daily  Living.  DASI  =  Duke  Activity  Status  Index. 
*p  ==0.05. 
+  ;;  s  0.01. 


Activities  of  Daily  Living.  ISQ-IADL 


dyspnea  36%  ±  30%  of  the  time,  and  fatigue  32%  ±  24% 
of  the  time. 

Figure  1  shows  the  FPI  profile  for  the  participants.  Pa- 
tients reported  the  poorest  performance  in  the  physical 
exercise  domain.  Body  care  was  performed  with  the  least 
difficulty.  The  greatest  variance  was  found  in  spiritual 
activities.  The  range  of  scores  for  each  of  the  6  subscales 
were  as  follows:  1.44-3.00;  0.60-2.67;  0.14-2.00;  0.55- 
2.64;  0.00-3.00;  and  0.17-3.00,  respectively.  The  range 
for  the  FPI  total  score  in  this  sample  was  0.63-2.48. 

Table  2  shows  Pearson  product  moment  correlations 
describing  the  relationship  between  the  FPI  and  the  vali- 
dation measures.  All  of  the  coefficients  were  in  the  pre- 


dicted direction,  and  ranged  from  0. 1 1  to  0.8 1 .  Statistically 
significant  correlations  were  found  between  the  FPI  total 
score  and  each  of  the  measures,  with  the  exception  of  the 
DASI.  The  household  maintenance,  recreation,  and  social 
activities  subscales  correlated  with  all  of  the  validation 
measures. 

Table  3  shows  the  Pearson  product  moment  correlations 
describing  the  relationship  between  the  FPI  and  move- 
ment, as  indicted  by  the  ZCM  and  TAT  counts  of  the 
actigraph.  The  ZCM  and  TAT  movement  indicators  were 
significantly  correlated  with  the  household  maintenance 
subscale  of  the  FPI.  Correlations  between  the  body  care 
and  social  activity  scales  and  the  objective  movement  in- 
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Table  3.      Pearson  Correlation  Coefficients  between  Functional 
Performance  Inventory  Scores  and  Movement 


Movement  Indicator 

Functional  Performance 
Inventory  Subscale 

Zero- 
Crossing 

Mode 
(n  =  17) 

Time 

Above 

Threshold 

(n  =  17) 

Body  Care 

0.38 

0.30 

Household  Maintenance 

0.52* 

0.53* 

Physical  Exercise 

0.27 

0.31 

Recreation 

0.19 

0.19 

Spiritual  Activities 

-0.15 

-0.15 

Social  Activities 

0.37 

0.37 

Total  Score 

0.26 

0.25 

*p  <  0.05. 

dicators  were  moderate,  but  not  statistically  significant  due 
to  lack  of  statistical  power  (0  =  0.66). 

Discussion 

For  a  functional  performance  outcome  measure  to  be 
consistent  with  and  sensitive  to  the  goal  of  maintaining  or 
improving  function,  it  should  capture  the  domains  and 
elements  of  daily  activity  that  the  patients  themselves  iden- 
tify as  important  and  meaningful  yet  difficult  to  perform. 
It  should  demonstrate  construct  and  concurrent  validity  by 
performing  in  a  manner  consistent  with  clinical  observa- 
tions and  theoretical  expectations.  The  purpose  of  this  study 
was  to  explore  the  extent  to  which  the  FPI  correlates  with 
clinical  indicators  of  disease  severity,  daily  recordings  of 
activity-related  symptoms  and  difficulty,  movement  (an 
objective  indicator  of  performance),  and  alternative  sub- 
jective indicators  of  activity  level.  Results  of  the  study 
should  be  interpreted  in  light  of  the  sample  size,  which 
was  a  function  of  the  costs  of  a  clinical  study  of  this 
nature,  including  the  labor,  materials,  and  subject  burden 
associated  with  the  clinic  visit,  daily  diary,  and  the  acti- 
graph  monitoring  and  analyses.  Coefficients  should  be  ex- 
amined in  terms  of  both  their  magnitude  and  their  statis- 
tical significance,  with  each  serving  as  indicator  of  the 
FPI's  validity  and  the  need  for  further  research. 

Correlations  between  the  FPI  and  indicators  of  disease 
severity  were  moderate  to  strong,  and  statistically  signif- 
icant. Coefficients  between  the  FPI  total  score  and  FEV, 
percent  of  predicted  and  12-MWD  were  strong,  as  were 
those  involving  the  household  maintenance,  recreation,  and 
social  activities  subscales.  Correlations  between  disease 
severity  and  physical  exercise,  body  care,  and  spiritual 
activities  were  moderate.  The  relationship  between  FEV, 
percent  of  predicted  and  the  FPI  was  stronger  than  the 
previous  validation  study,  where  coefficients  ranged  from 


0.12  (spiritual  activity)  to  0.36  (household  maintenance 
and  physical  activity),  and  0.34  with  the  total  score.16  The 
present  study  was  designed  to  achieve  greater  precision  in 
the  estimation  of  pulmonary  function  and  its  relationship 
to  the  FPI  by  gathering  PFT  data  in  the  laboratory  close  to 
the  time  the  FPI  was  completed;  because  of  the  large  sam- 
ple size  of  the  previous  study,  PFT  estimations  were  based 
on  chart  audit.  It  is  likely,  therefore,  that  the  correlations 
reported  here  are  more  accurate  estimates  of  the  FPI's 
validity.  The  fact  that  the  coefficients  were  higher  than 
previous  studies  of  pulmonary  function,  walk  distance, 
and  daily  activity  in  patients  with  COPD,  using  measures 
such  as  the  SIP,3943  suggests  the  FPI  is  more  sensitive  to 
the  effects  of  COPD  on  performance  of  day-to-day  activ- 
ities. 

The  modest  relationship  between  the  1 2-MWD  and  spir- 
itual activities  was  not  surprising,  given  the  relatively  sed- 
entary nature  of  these  activities.  The  correlation  between 
pulmonary  function  and  spiritual  activities  was  moderate 
but  did  not  reach  statistical  significance,  because  of  the 
small  sample  size.  This  subscale  was  included  in  the  FPI 
because  the  patients  themselves  identified  attendance  of 
religious  services,  ceremonies,  and  study  or  discussion 
groups  as  important  components  of  performance."1'7  Fur- 
ther research  is  needed  to  determine  the  contribution  of 
spiritual  activity  to  the  instrument's  ability  to  predict  and 
understand  the  effects  of  disease  on  activity. 

As  would  be  expected  from  clinical  observations,  pa- 
tients who  reported  more  activity-related  dyspnea,  fatigue, 
and  difficulty  in  their  daily  diaries  also  reported  lower 
levels  of  performance  on  the  FPI.  Correlations  between  the 
FPI  and  the  activity  diary  were  moderate  to  large,  with 
household  maintenance,  recreation,  and  social  activities 
being  the  most  powerful  correlates. 

The  relationship  between  objective  and  subjective  mea- 
surement of  performance  has  not  been  examined  previ- 
ously in  COPD  patients.  In  this  study,  correlations  be- 
tween the  FPI  and  actigraph  indicators  of  movement  were 
small  to  moderate  and  not  statistically  significant,  with  the 
exception  of  household  maintenance.  The  magnitude  of 
the  coefficients  was  similar  to  that  reported  by  Vercoulen 
et  al44  for  the  relationship  between  accelerometer  counts 
and  subjective  activity  measures  in  patients  with  chronic 
fatigue  syndrome.  Sager  et  al4S  found  moderate  to  poor 
agreement  between  self-report  and  performance-based  as- 
sessment of  basic  ADLs  in  elderly  patients  hospitalized  for 
acute  or  chronic  conditions. 

Perhaps  the  low  correlation  between  objective  and  sub- 
jective measures  in  each  of  these  studies  is  a  function  of 
low  activity  levels  in  these  populations.  Clinically,  we 
know  that  many  people  with  severe  COPD  conserve  their 
energy,  not  unlike  those  with  chronic  fatigue  and  the  hos- 
pitalized elderly.  In  fact,  the  mean  activity  counts  over  72 
hours  of  subjects  in  this  study  were  considerably  lower 
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than  counts  associated  with  controlled  sedentary  activity 
in  a  laboratory  setting  (conversing,  writing,  reading,  play- 
ing cards,  estimated  to  be  equivalent  to  1  to  2  metabolic 
equivalent  units),  where  mean  stabilized  ZCM  and  TAT 
values  were  2.05  ±  0.57  and  2.51  ±  1 .04,  respectively.22 
For  context,  mean  values  associated  with  moderate  activ- 
ity in  a  laboratory  setting  are  3.63  ±  0.91  and  6.25  ±  3.86, 
while  those  associated  with  heavy  activity  are  3.69  ±  0.64 
and  8.13  ±  4.28,  respectively.22  Diary  data  indicated  sub- 
jects were  relatively  inactive,  spending  65%  of  their  wak- 
ing hours  sitting  or  lying  down.  Recreational  activities 
(38%  of  waking  hours)  were  generally  sedentary.  Self-care 
and  household  activities,  though  each  representing  a  rela- 
tively small  portion  of  the  day  (15%  and  13%  of  waking 
hours,  respectively),  generally  involved  standing,  walking, 
lifting,  or  moving.  As  would  be  expected,  the  relationship 
between  the  FPI  and  actigraph  counts  was  moderate  for 
the  total  score,  weakest  for  the  recreational  subscale,  and 
strongest  for  the  household  maintenance  and  body  care 
subscales,  though  having  the  subjects  remove  the  acti- 
graph while  bathing  or  showering  may  have  attenuated  the 
latter  correlation  to  some  degree.  The  fact  that  TAT  and 
ZCM  were  significantly  related  to  the  FSQ-IADL  score 
(0.54  and  0.48  respectively,  p  <  0.05),  and  to  a  lesser 
extent  to  the  FSQ-ADL  score  (0.43  and  0.37  respectively, 
not  significant)  supports  this  interpretation.  The  higher 
correlation  between  movement  frequency  and  24-hour  ac- 
tivity diary  in  active,  healthy  adults  reported  by  Patterson 
et  al21  (r  =  0.80;  r  =  0.53,  excluding  sleep  time)  offers 
further  evidence  that  the  low  correlation  found  in  this  study 
is  a  function  of  low  levels  of  activity. 

The  last  validation  test  in  this  study  was  the  extent  to 
which  the  FPI  was  related  to  other,  less  comprehensive 
subjective  measures  of  performance.  The  magnitude  of  the 
correlation  coefficients  between  the  FPI  and  the  FSQ  and 
DASI  support  the  validity  of  the  FPI,  and  suggest  that  the 
instrument  is  measuring  unique  dimensions  of  functional 
performance  not  measured  by  the  other  instruments.  The 
strongest  correlations  were  between  the  FPI  body  care  and 
the  FSQ-ADL  (comprised  of  items  related  to  eating,  dress- 
ing, bathing,  moving  in  and  out  of  chairs  or  bed,  walking 
indoors),  between  household  maintenance  and  the  FSQ- 
IADL  (comprised  of  items  related  to  climbing  stairs,  house- 
work, errands,  driving,  and  vigorous  activities,  including 
heavy  lifting),  and  between  household  maintenance  and 
the  DASI  (in  which  6  of  the  12  items  address  activities  and 
work  in  and  around  the  home),  supporting  the  convergent 
validity  of  the  FPI.  The  weakest  correlations  involved  the 
spiritual  activities  scale,  a  domain  not  addressed  by  the 
other  instruments.  Correlations  between  the  FPI  total  score 
and  the  FSQ  and  DASI  indicate  that  only  18-49%  of  the 
variance  in  the  FPI  can  be  explained  by  these  measures. 
The  pattern  and  size  of  the  correlations  between  the  FPI, 
FSQ,  and  DASI  generally  correspond  to  those  reported 


previously;  correlations  between  the  DASI  and  the  body 
care  and  physical  exercise  subscales  were  substantially 
higher  in  the  larger  sample  (r  =  0.51  and  r  =  0.59,  re- 
spectively).16 The  results  are  also  similar  to  those  reported 
by  Larson  et  al,46  in  which  the  correlation  between  the  FPI 
total  and  the  Physical  Scale  of  the  SIP  and  the  Physical 
Functioning  subscale  of  the  Short- Form  36  were  —0.60 
(36%  common  variance)  and  0.69  (48%  common  vari- 
ance), respectively.  The  extent  to  which  the  remaining 
variance  contributes  to  the  sensitivity  of  the  instrument  to 
change  over  time  and  to  clinically  meaningful  change  with 
treatment  should  be  examined. 

In  summary,  the  results  of  this  study  suggest  the  FPI  is 
a  useful  measure  for  evaluating  subjective  performance  in 
patients  with  COPD,  providing  both  a  parsimonious  over- 
all score  and  a  performance  profile  across  6  domains  of 
activity  that  patients  identified  as  important  and  that  cli- 
nicians confirmed  as  clinically  meaningful.  The  instru- 
ment demonstrated  evidence  of  clinical  validity  through 
correlations  with  pulmonary  function,  walk  distance,  symp- 
toms, alternative  but  less  comprehensive  subjective  mea- 
sures of  activity  and — to  a  certain  extent — with  an  objec- 
tive indicator  of  activity.  Further  research  on  responsiveness 
and  the  definition  of  clinically  meaningful  change  scores 
for  the  FPI  is  warranted. 
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Introduction 

Pressurized  metered-dose  inhalers  (pMDIs)  are  the  most 
popular  devices  for  administering  inhaled  drugs.  However, 
more  than  80  countries  have  signed  the  Montreal  Protocol 
to  ban  the  production  of  chlorofluorocarbons  in  the  next 
few  years,  which  necessitates  the  replacement  of  chlo- 
rofluorocarbon-propelled  pMDIs  with  other  aerosol  deliv- 
ery devices.  Among  the  developing  alternative  means  of 
delivering  therapeutic  aerosols,  dry  powder  inhalers  (DPIs) 
are  gaining  in  popularity.  Crystalline  or  powder  drug  in- 
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halation  is  inexpensive,  does  not  depend  on  the  use  of 
chlorofluorocarbons,  and  does  not  require  coordination  be- 
tween inhalation  and  device  actuation.  Also,  recent  im- 
provements in  the  design,  ease  of  use,  and  multidose  ca- 
pability make  DPIs  attractive  alternatives  to  pMDIs  for 
aerosol  therapy  in  ambulatory  patients. 

Aerosol  Generation  by  Dry  Powder  Inhalers 

DPIs  create  aerosols  by  drawing  air  through  an  aliquot 
of  dry  powder.  The  powder  contains  either  micronized 
(<  5  pm  in  diameter)  drug  particles  bound  into  loose 
aggregates,  or  micronized  drug  particles  that  are  loosely 
bound  to  large  (>  30  pm  in  diameter)  lactose  or  glucose 
particles.1  Micronized  particles  adhere  to  each  other  and  to 
most  surfaces,  and  the  addition  of  the  larger  carrier  parti- 
cles decreases  interparticulate  forces  in  the  micronized  drug 
powder  so  that  separation  into  individual  respirable  parti- 
cles (deaggregation)  occurs  more  readily.  Thus,  the  carrier 
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Fig.  1.  Aerosolization  of  dry  powder.  (Modified  from  Reference  50.) 


carrier/drug 
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aerosol  dispersion 


particles  aid  the  flow  of  the  drug  powder  from  the  device 
("flow  aid").  Moreover,  carriers  act  as  "fillers"  by  adding 
bulk  to  the  powder  when  the  drug  unit  dose  is  very  small. 
Usually,  the  drug  particles  are  bound  to  carrier  particles2 
and  are  stripped  from  the  carrier  particles  by  the  energy 
provided  by  the  patient's  inhalation  (Fig.  1 ).  The  release  of 
respirable  particles  of  the  drug  requires  inspiration  at  rel- 
atively high  flow  rates  (30-120  L/min).1-^  The  aerosol 
produced  by  a  DPI  contains  drug  particles,  which  are  1-2 
fim  in  diameter,  and  carrier  particles,  which  are  >  30  /u.m 
in  diameter.  Fast  inspiration  results  in  high  pharyngeal 
impaction  of  the  carrier  particles,  and  this  gives  the  patient 
the  sensation  of  having  inhaled  a  dose. 


Table  1 
from  DPIs 


Factors  Influencing  Aerosol  Delivery 

1   lists  the  factors  that  influence  drug  delivery 


Some  of  these  factors  are  discussed  below. 


Device  Design 

Aerosol  delivery  from  DPIs  is  influenced  by  the  mate- 
rials used  in  their  manufacture,  resistance  to  airflow,  proper 
assembly  of  the  components,  and  by  accumulation  of  the 
powder  within  the  device.  The  materials  used  to  manufac- 
ture DPIs  interact  with  the  electrostatic  charge  on  the  par- 
ticles in  the  powder  and  influence  particle  deposition.  More- 
over, the  internal  geometry  of  the  device,  particularly  the 
dimensions  of  the  inhalation  channels,  influences  the  re- 
sistance to  inspiration  and  the  inspiratory  flow  required  to 
produce  an  aerosol.  Thus,  devices  with  higher  resistance 
require  a  higher  inspiratory  flow  to  produce  a  dose.  Inha- 
lation through  high  resistance  DPIs  may  improve  drug 
delivery  to  the  lower  respiratory  tract  compared  to  devices 
with  lower  resistance.6-7  For  DPIs  with  multiple  compo- 
nents, correct  assembly  of  the  apparatus  and/or  priming  of 


Table  1 .       Factors  Influencing  Aerosol  Deposition 

Device  design 

•  Materials 

•  Resistance  to  flow 

•  Bolus  or  continuous  dispersion 
Particle-related 

•  Size 

•  Shape 

•  Density 

•  Roughness 

•  Electrical  charge 

•  Presence  of  carrier 
Environmental 

•  Humidity 

•  Temperature 
Ventilatory  factors 

•  Tidal  volume 

•  Inspiratory  flow  rate 

•  Breath-hold 
Patient-related 

•  Age 

•  Airway  diameter 

•  Type  of  disease 

•  Dexterity 

the  device  is  important  for  ensuring  aerosolization  of  the 
dry  powder.  Accumulation  of  dry  powder  within  DPIs 
alters  the  properties  of  the  aerosol  produced,  so  periodic 
brushing  is  necessary  to  remove  residual  powder. 

Particle  Characteristics 

The  fraction  of  the  dose  contained  in  respirable  particles 
(diameter  1-5  jam)  is  the  best  estimate  of  the  dose  that  is 
likely  to  reach  the  lungs.8  DPIs  produce  aerosols  in  which 
most  of  the  drug  particles  are  in  the  respirable  range.  How- 
ever, depending  on  the  drug  formulation  and  device  de- 
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Fig.  2.  Effect  of  inspiratory  flow  on  fine  particle  mass  (aerodynamic 
diameter  <  6  /urn)  in  aerosols  produced  by  Diskus  (fluticasone) 
and  Turbuhaler  (budesonide)  dry  powder  inhalers.  (Modified  from 
Reference  18.) 
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Fig.  3.  Effect  of  inspiratory  flow  on  fine  particle  mass  and  in  vivo 
pulmonary  deposition  with  the  Turbuhaler  and  with  the  Rotahaler. 
(Modified  from  Reference  19.) 


sign,  the  distribution  of  particle  sizes  within  the  aerosol 
can  differ  significantly  among  DPIs.9 

Environmental  Conditions 

High  ambient  humidity  produces  clumping  of  the  dry 
powder,  creating  larger  particles  that  are  not  as  effectively 
aerosolized  and,  therefore,  less  likely  to  reach  the  lung.10 
The  powder  in  some  DPIs  is  packaged  within  hard  gelatin 
capsules,  and  high  ambient  humidity  can  soften  the  walls 
of  the  capsules  so  that  they  do  not  puncture  or  break  cleanly, 
thereby  reducing  dispersion  of  the  powder  into  the  air 
stream.  Most  devices  that  contain  drug  powder  in  a  reser- 
voir, rather  than  individually  sealed  doses,  incorporate  a 
desiccant  to  prevent  partial  solubilization  and  agglomera- 
tion of  the  drug  particles  by  ambient  humidity.  The  pres- 
ence of  the  desiccant  reduces,  but  does  not  eliminate,  the 
effects  of  humidity  on  the  generation  of  a  dry  powder 
aerosol.  The  Diskhaler  (Glaxo  Wellcome  Inc,  Research 
Triangle  Park,  North  Carolina)  and  Diskus  (Glaxo  Well- 
come Inc,  Research  Triangle  Park,  North  Carolina)  are 


40 


30 


20 


10 


pMDI 


pMDI 


DPI 


Nebulizer 


DPI 


Nebulizer 


Deposition 


Increase  in  FEV, 


Fig.  4.  Pulmonary  deposition  of  equivalent  doses  of  radiolabeled 
aerosol  generated  by  pressurized  metered  dose  inhaler  (pMDI), 
dry  powder  inhaler  (DPI),  and  nebulizer,  and  corresponding  bron- 
chodilator  effects.  (Modified  from  Reference  41.) 

probably  less  susceptible  to  the  effects  of  ambient  humid- 
ity than  other  DPIs,  since  the  dose  remains  sealed  until  the 
patient  is  ready  to  inhale. 

Inspiratory  Flow 

Since  the  energy  from  the  patient's  inspiratory  flow 
disperses  the  powdered  drug,  the  magnitude  and  duration 
of  the  patient's  inspiratory  effort  influence  DPI  aerosol 
generation."12  Failure  to  inhale  at  a  fast  enough  inspira- 
tory flow  reduces  the  dose  delivered  by  the  DPI,13  and 
increases  the  distribution  of  particle  sizes  within  the  aero- 
sol.14 DPI  models  vary  in  the  degree  to  which  inspiratory 
flow  influences  the  dose  delivered.  For  example,  the  Dis- 
kus delivered  approximately  90%  of  the  labeled  dose  at 
inspiratory  flow  rates  of  30-90  L/min,  whereas  the  dose 
delivered  by  the  Turbuhaler  (Astra  US  Inc,  Westborough, 
Massachusetts)  was  significantly  lower  at  an  inspiratory 
flow  of  30  L/min  compared  to  the  dose  delivered  at  90 
L/min,  and  variability  between  doses  at  various  inspiratory 
flow  rates  was  higher  with  the  Turbuhaler.9  1S  Other  de- 
vices not  yet  approved  for  clinical  use  employ  either  a 
small  motor  and  impeller  or  compressed  gas  propulsion  to 
disperse  the  powder,  and  aerosol  production  by  these  de- 
vices is  less  influenced  by  inspiratory  flow. 

Breath-Hold 

Breath-holding  after  inhalation  allows  greater  time  for 
drug  particles  to  deposit  by  sedimentation  in  the  airways. 
However,  in  asthmatic  children,  breath-holding  after  DPI 
administration  of  a  bronchodilator  did  not  influence  the 
response  to  the  medication.16 
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Turbuhaler  0.50  mg 
Turbuhaler  0.25  mg 


a  pMDI  0.50  mg 
♦  pMDI  0.25  mg 


Time  (hours) 

Fig.  5.  Mean  increase  in  forced  expiratory  volume  in  the  first  second  (FEV,)  expressed  as  percentage  increase  from  baseline  for  6  hours  after 
administration  of  terbutaline  via  Turbuhaler  dry  powder  inhaler  or  via  pressurized  metered  dose  inhaler  (pMDI).  (Modified  from  Reference 
25.) 


Exhalation  into  the  Device 

Exhalation  into  a  DPI  blows  the  powder  out  of  the  de- 
vice and  reduces  drug  delivery.  Moreover,  the  humidity  in 
the  exhaled  air  can  influence  subsequent  aerosol  genera- 
tion from  the  DPI.  Therefore,  the  patient  must  be  instructed 
not  to  exhale  into  the  DPI. 

Patient-Related  Factors 

Because  DPIs  depend  on  inspiratory  airflow  to  generate 
the  aerosol,  they  are  more  susceptible  to  variations  in  age. 


sex,  and  the  user's  disease  status  than  are  pMDIs  or  nebu- 
lizers. Very  young  children  (<  6  years  old),  elderly,  in- 
firm, semi-alert  individuals,  and  those  with  altered  mental 
status  cannot  use  DPIs  effectively. 

Aerosol  Deposition  in  the  Lung 

The  deposition  of  drugs  in  the  lung  is  assessed  by  (1)  in 
vitro  measurement  of  the  particle  size  distribution  of  the 
aerosol,  (2)  in  vivo  measurement  of  the  deposition  of  ra- 
diolabeled aerosol,  (3)  plasma  concentrations  of  the  drug 
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Fig.  6.  Mean  increase  in  FEV,  expressed  as  percentage  increase  from  baseline  for  6  hours  after  administration  of  albuterol  or  placebo  via 
Turbuhaler  or  via  pressurized  metered  dose  inhaler  (pMDI).  (Modified  from  Reference  27.) 
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Table  2.      Drugs  Available  in  the  United  States  as  Inhalable  Powders 


Drug 

Device 

Number  of  doses 

Unit  dose 

Recommended  dose 

Albuterol  sulfate 

Rotahaler 

1 

200  ng 

1-2  caps  Q1D 

Salmeterol  xinafoate 

Diskus 

60 

50  m 

1  dose  BID 

Budesonide 

Turbuhaler 

200 

200  /Mg 

1-2  doses  BID 

Fluticasone  propionate 

limes  a  day. 

Diskhaler 

4 

SO,  100,  250 

Mg 

1-2  doses  BID 

BID  =  twice  a  day;  Q1D  =  four 

Mesh 


Empty  half  of  capsule 


Detached  half  of  capsule 


Inspiratory 
airflow 


Powder  emerges  with 
inspiratory  airflow 

Fig.  7.  Cross  section  of  the  Rotahaler  (Glaxo  Wellcome  Inc,  Re- 
search Triangle  Park,  North  Carolina).  The  capsule  is  inserted  into 
a  port  and  broken  into  2  pieces  by  twisting  the  inhaler.  The  drug  is 
contained  in  the  body  of  the  capsule,  which  falls  into  the  device, 
and  the  cap  is  retained  in  the  port.  The  body  of  the  capsule  vi- 
brates erratically  when  the  patient  inhales,  dislodging  the  drug 
particles  into  the  air  stream.  A  mesh  facilitates  deaggregation  of 
the  powder.  (From  Reference  51,  with  permission.) 


the  Turbuhaler  than  with  the  Diskus  (Fig.  2).  At  an  in- 
spiratory flow  of  28  L/min,  only  —10%  of  the  aerosol 
produced  by  the  Turbuhaler  contained  particles  <  6  jam, 
compared  to  —30%  with  the  Diskus.  Other  investigators 
have  also  found  that  the  in  vitro  performance  of  DPIs 
significantly  depends  on  inspiratory  flow  and  inhaled  vol- 
ume. Hill  and  Slater9  found  that  the  fine  particle  mass 
produced  by  the  Diskus  decreased  from  21%  to  16%  when 
the  inspiratory  flow  was  reduced  from  60  L/min  to  28.3 
L/min.  The  corresponding  values  with  the  Turbuhaler  were 
18%  and  6%,  respectively.  Thus,  DPIs  show  significant 
differences  in  their  performance  in  vitro. 

Olson  et  al  compared  the  in  vitro  and  in  vivo  perfor- 
mance of  albuterol  DPIs  and  an  albuterol  pMDI  in  the 
same  study.19  The  devices  were  tested  at  a  "normal"  in- 
spiratory flow,  then  at  half  the  normal  inspiratory  flow 
(Fig.  3).  At  half  the  normal  flow,  the  fine  particle  mass  and 
the  pulmonary  deposition  of  aerosol  were  reduced  with 
both  Turbuhaler  and  Rotahaler. 

Deposition  of  Radiolabeled  Aerosol  In  Vivo 


after  inhalation,  and/or  (4)  the  response  to  drug  adminis- 
tration. 

Particle  Size  Distribution  In  Vitro  vs  In  Vivo 


Zainudin  et  al  used  albuterol  mixed  with  technetium- 
99m-labeled  Teflon  particles  to  compare  pulmonary  dep- 
osition and  bronchodilator  effect  from  equivalent  doses 
administered  by  DPI  or  via  pMDI.20  The  pMDI  delivered 


With  models  that  simulate  clinical  DPI  use,  the  distri- 
bution of  aerosol  particle  sizes  is  an  indicator  of  the  effi- 
ciency of  the  device.  For  example,  in  vitro  investigations 
found  —50%  lower  delivery  of  albuterol  from  a  Rotahaler 
(Glaxo  Wellcome  Inc,  Research  Triangle  Park,  North  Caro- 
lina) than  from  a  pMDI.17  Other  investigators  have  found 
that  the  fine  particle  mass  (<  6  ^im  in  size)  of  aerosol 
produced  by  a  DPI  is  influenced  by  the  inspiratory  flow. 
Although  the  fine  particle  mass  does  not  equal  the  amount 
of  aerosol  deposition  in  the  lung,  it  provides  an  estimate  of 
the  fraction  of  the  dose  that  is  likely  to  reach  the  lungs.  At 
an  inspiratory  flow  of  60  L/min,  the  Turbuhaler  produced 
a  significantly  lower  fine  particle  mass  (approximately 
50%)  than  the  Diskus  (approximately  70%). IS  Moreover, 
when  the  inspiratory  flow  was  reduced  to  28  L/min  the 
decrease  in  fine  particle  mass  was  more  pronounced  with 


Mouthpiece 


Single 

dose 

blister 


Fig.  8.  The  components  of  the  Diskhaler  (Glaxo  Wellcome  Inc, 
Research  Triangle  Park,  North  Carolina)  multi-unit  dose  dry  pow- 
der inhaler.  The  Diskhaler  contains  4  or  8  numbered  blisters  ar- 
ranged on  a  circular  disc.  Each  blister  contains  a  unit  dose  of  drug. 
A  needle  pierces  the  blister  when  the  device  is  primed.  The  num- 
ber on  the  blister  indicates  the  number  of  doses  remaining  in  the 
device.  (From  Reference  52,  with  permission.) 
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Device  in  closed  position 


Drug  exit  port 


Mouthpiece 


Strip  lid  peeled  from  pockets 


Empty  strip 


Device  in  open  position 


Dose  indicator 
wheel 


Thumbgrip 


Coiled  strip 


Pockets 
containing  drug 


Cross  section  through  device 


Fig.  9.  The  Diskus  dry  powder  inhaler  (Glaxo  Wellcome  Inc,  Research  Triangle  Park,  North  Carolina).  The  doses  are  contained  in  60  sealed 
pockets  along  an  aluminum-foil  strip  that  is  advanced  by  the  lever.  As  the  drug  pocket  reaches  the  mouthpiece,  its  cover  is  peeled  away, 
making  the  drug  available  for  inhalation.  A  dose  counter  indicates  the  number  of  doses  remaining  in  the  device.  (Modified  from  Reference 
52,  with  permission.) 


a  significantly  greater  dose  to  the  lung  (1 1.2  ±  SE  0.8%) 
than  the  DPI  (9.1  ±  0.6%),  and  the  mean  increase  in  the 
forced  expiratory  volume  in  the  first  second  (FEV:)  with 
the  pMDI  (35.6%)  was  greater  than  that  from  the  Ro- 
tahaler  (25.2%)  (Fig.  4).  However,  in  a  separate  study,  the 
Turbuhaler  achieved  a  higher  pulmonary  deposition  (mean 
21.4%)  than  the  pMDI  (mean  10-14%). 21  Pulmonary  dep- 
osition of  radiolabeled  aerosols  has  not  been  reported  for 
the  Diskhaler  or  Diskus. 

Plasma  Levels  after  Inhalation 

In  the  "charcoal  block"  technique,  orally  administered 
charcoal  blocks  gastrointestinal  absorption  of  the  drug. 
With  this  technique,  the  plasma  and  urine  levels  after  in- 
halation of  the  drug  indicate  its  pulmonary  absorption, 
provided  the  lung  does  not  metabolize  the  drug.  Using  the 
charcoal  block  technique,  Thorsson  et  al  found  that  32%  of 
the  nominal  dose  of  budesonide  administered  with  a  Tur- 
buhaler deposited  in  the  lungs  of  healthy  subjects,  com- 
pared to  15%  of  the  nominal  dose  from  a  pMDI.''  In  con- 
trast, the  systemic  bioavailability  attributed  to  pulmonary 
deposition  was  13.5%  for  fluticasone  propionate  adminis- 
tered with  a  Diskhaler,  versus  30%  of  that  administered 
with  a  pMDI.22  The  charcoal  block  technique  has  not  yet 
been  used  to  assess  pulmonary  deposition  with  the  Diskus. 


To  summarize,  the  fraction  of  drug  that  successfully  de- 
posits in  the  lung  differs  between  DPIs  and  pMDIs,  and 
varies  considerably  among  DPIs. 

Clinical  Efficacy  Studies 

Evaluation  of  therapeutic  equivalence  is  the  preferred 
method  for  comparing  the  performance  of  various  devices. 
For  bronchodilators,  shallow  dose-response  curves  can  ob- 
scure the  comparisons  between  single  doses  of  the  drug, 
because  the  response  plateaus  rapidly  after  the  adminis- 
tration of  increasing  doses  of  the  drug.  Therefore,  com- 
parisons of  the  response  to  a  drug  given  by  different  de- 
vices should  include  subtherapeutic  doses  of  the  drug.  In 
addition,  it  is  difficult  to  compare  the  efficacy  of  inhaled 
corticosteroids  administered  with  different  devices,  and 
doing  so  requires  long-term  studies  in  a  variety  of  patients. 

Only  a  few  investigators  have  compared  single  dose 
response  to  bronchodilators  administered  via  DPI  versus 
via  pMDI.  The  response  to  albuterol  administration  via 
Rotahaler  was  similar  to  that  obtained  with  half  the  dose 
administered  via  pI^DI.2'  Similarly,  400  jig  of  albuterol 
administered  via  Rotahaler  achieved  an  increase  in  FEV, 
comparable  to  that  observed  after  180  ;ug  of  the  drug 
administered  via  pMDI.24  In  a  randomized,  double-blind, 
double-dummy  study  involving  13  adult  patients  with  sta- 
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Fig.  10.  Components  and  airflow  of  the  Turbuhaler  (Astra  US  Inc,  Westborough,  Massachusetts).  The  inhaler  contains  up  to  200  doses  in 
its  reservoir.  A  rotating  disc  below  the  reservoir  has  a  series  of  clusters  of  conical  cavities.  Turning  the  grip  at  the  bottom  of  the  device 
rotates  the  disc,  and  plastic  scrapers  above  the  dosing  unit  load  the  dose  into  a  group  of  conical  holes.  The  inhaler  must  be  held  upright 
during  this  operation  so  that  a  reproducible  quantity  of  drug  is  fed,  by  gravity,  into  the  conical  cavities.  A  desiccant  in  the  device  protects 
the  drug  from  moisture.  The  powder  used  in  this  device  consists  of  micronized  drug  particles,  without  carrier  particles.  Since  a  minute 
amount  of  powder  is  inhaled,  the  patient  may  not  experience  any  sensation  of  receiving  a  dose.  The  Turbuhaler  does  not  have  a  dose 
counter,  but  a  red  sign  appears  in  the  dose  indicator  window  when  20  doses  remain  in  the  device.  When  the  patient  inhales,  air  enters 
through  channels  at  the  base  of  the  operating  unit,  passes  through  the  pressure  plate,  through  the  cavities  in  the  dosing  unit,  and  into  the 
inhalation  channel.  Turbulent  air  flow  in  the  spiral  channels  deaggregates  the  particles.  The  twisting  channels  cause  resistance  to  inhalation, 
so  inspiratory  air  flow  >  30  L/min  is  needed  to  obtain  an  adequate  dose.  Particles  that  are  poorly  entrained  are  retained  in  the  channels 
and  become  reentrained  as  smaller  particles  during  subsequent  inhalations.  (Modified  from  Reference  52,  with  permission.) 


ble  asthma,  Borgstrom  et  al  compared  the  deposition  and 
pulmonary  effects  of  single  doses  of  terbutaline,  0.25  mg 
and  0.5  mg,  administered  via  pMDI  versus  via  Turbu- 
haler.25 The  total  pulmonary  deposition  was  higher  with 
the  Turbuhaler  (-20%)  than  with  the  pMDI  (-8%).  Fig- 
ure 5  shows  Borgstrom  et  al's  measurements  of  changes  in 
FEV,  from  administration  of  terbutaline  via  Turbuhaler 
versus  via  pMDI.  The  figure  suggests  that  administration 
via  the  Turbuhaler  was  more  effective  for  both  of  the 
studied  dose  levels  (0.25  mg  and  0.5  mg),  but  the  admin- 
istration technique  employed  for  the  2  devices  may  have 


influenced  the  results.  Specifically,  the  inspiratory  flow 
used  for  the  Turbuhaler  (60  L/min)  was  optimal,  but  the 
inspiratory  flow  used  with  the  pMDI  (—90  L/min)  was 
2-3-fold  higher  than  the  recommended  flow  for  the  pMDI. 
High  inspiratory  flow  with  a  pMDI  decreases  the  response 
to  bronchodilator  aerosols26  and  may  have  reduced  the 
bronchodilation  achieved  by  terbutaline  in  the  Borgstrom 
et  al  study. 

Another  randomized,  placebo-controlled,  crossover 
study  involving  stable  asthma  patients  compared  the  effi- 
cacy of  albuterol  administered  via  pMDI  (in  doses  of  100 
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Tabic  3.      Instructions  for  Use  of  4  Models  of  Dry  Powder  Inhaler 


Rotahaler 

Diskhaler 

Diskus 

Turbuhaler 

1. 

Insert  capsule. 

1. 

Remove  mouthpiece  cover. 

1. 

Open  the  device. 

1. 

Twist  and  remove  cover. 

2. 

Twist  device  to  break 

2. 

Pull  tray  out  from  device. 

2. 

Slide  the  lever. 

2. 

Hold  inhaler  upright 

capsule. 

3. 

Place  disk  on  wheel  (numbers 

3. 

Keep  device  level  while 

(mouthpiece  up). 

3. 

Keep  device  level  while 

up). 

inhaling  dose. 

3. 

Turn  grip  right  then  left  until 

inhaling  dose. 

4. 

Rotate  disk  by  sliding  tray  out 

4. 

Breath-hold. 

it  clicks. 

4. 

Breath-hold. 

and  in. 

5. 

Remove  device  from  mouth 

4. 

Inhale  dose.  Inhaler  may  be 

5. 

Remove  device  from  mouth 

5. 

Lift  back  of  lid  until  fully 

and  exhale  outside  device. 

held  upright  or  horizontal  for 

and  exhale  outside  device. 

upright  so  that  needle  pierces 

6. 

Store  device  in  cool,  dry 

this  step. 

6. 

Store  device  in  cool,  dry 

both  sides  of  blister. 

place. 

5. 

Breath-hold. 

place. 

6. 

Keep  device  level  while  inhaling 
dose. 

6. 

Remove  device  from  mouth 
and  exhale  outside  device. 

7. 

Breath-hold. 

7. 

Replace  cover  and  twist  to 

8. 

Remove  device  from  mouth  and 
exhale  outside  device. 

8. 

close. 

Store  device  in  cool,  dry 

9. 

Once  every  week,  brush  off  any 
powder  remaining  within  device. 

place. 

10. 

Store  device  in  cool,  dry  place. 

jig  and  400  ju,g)  versus  via  Turbuhaler  (in  doses  of  50  jug 
and  200  /J-g).27  Optimal  inhalation  technique  was  used  for 
each  device.  With  all  4  active  treatments,  the  increase  in 
FEV,  was  greater  than  with  placebo  (Fig.  6).  The  areas 
under  the  curve  for  increase  in  FEV,  were  significantly 
greater  for  the  higher  doses  than  for  the  lower  doses,  with 
both  the  pMDI  and  the  Turbuhaler.  However,  the  responses 
to  the  2  higher  doses  and  the  2  lower  doses  were  similar 
between  devices.  This  study  illustrates  how  lower-than- 
recommended  doses  can  be  used  to  determine  equivalence 
of  therapeutic  effects.  The  authors  concluded  from  this 
study  that  the  bronchodilator  effect  of  albuterol  adminis- 
tered via  Turbuhaler  was  double  that  of  the  same  dose 
administered  via  pMDI.27 

Boulet  et  al  compared  the  clinical  effects  of  salmeterol 
administered  via  Diskus  versus  via  Diskhaler.  The  increase 
in  peak  expiratory  flow  (PEF)  after  administration  of  sal- 
meterol 50  ;ag  twice  daily  via  Diskus  was  comparable  to 
that  achieved  with  the  same  dose  via  Diskhaler,  and  sig- 
nificantly greater  than  that  observed  with  placebo.28 


Table  4.       Differences  in  Inhalation  Technique:  Pressurized  Metered 
Dose  Inhaler  (MDI)  vs  Dry  Powder  Inhaler  (DPI) 


MDI 


DPI 


Need  to  shake  inhaler 

Actuation  with  inspiration 

Inspiration 

Interval  between  doses 

Use  of  spacers 

Exhalation 


Yes 

No 

Slow,  deep 

30-60  s 

Yes 

Not  a  factor 


No 

Yes 

Fast,  prolonged 

20-30  s 

No 

Not  into  device 


Drugs  Available  as  Inhalable  Dry  Powders 

Table  2  lists  the  drugs  currently  available  in  the  United 
States  in  inhalable  dry  powder  formulations.  The  Rotahaler 
(Fig.  7)  uses  individual  doses  administered  in  gelatin  cap- 
sules, which  are  punctured  immediately  before  inhalation 
by  twisting  the  inhaler.  The  Diskhaler  (Fig.  8)  and  Diskus 
(Fig.  9)  use  individual  blister  packets  of  drug.  The  Turbu- 


Table  5.      Comparison  of  Performance  and  Convenience  Factors  for 
Pressurized  Metered  Dose  Inhalers  and 
Dry  Powder  Inhalers 


Majority  of  aerosol  particles  <  5 

(im  in  size 
High  pulmonary  deposition 
Low  mouth  deposition 
Reliability  of  dose 
Less  influenced  by  humidity 
Physical  and  chemical  stability 
Environmentally  safe 
Breath  actuated 
No  risk  of  contamination 
Lightweight,  compact 
Multiple  doses 
Dose  indicator 
Dose  counter 
Inexpensive 
Reusable 

Easy  and  quick  operation 
Suitable  for  all  ages 
Suitable  for  multiple  clinical 

situations 


Metered 
Dose  Inhaler 


Yes 


Dry  Powder 
Inhaler 


Yes 


No 

No 

No 

No 

Yes 

Conditional 

Yes 

No 

Yes 

Yes 

No 

Yes 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

Yes 

No 

Yes 

Yes 

Yes 

No 

No 

Conditional 

Conditional 

No 

No 

Conditional 

No 
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Table  6.       Long-Term  Effects  of  Asthma  Drugs:  Pressurized  Metered  Dose  Inhaler  (MDI)  vs  Dry  Powder  Inhaler  (DPI) 


Drug 


Study  design/reference 


Dose  via  MDI 


Dose  via  DPI 
(model) 


Remarks 


Devices  exhibited  comparable  control  of 

symptoms 

Increased  frequency  of  using  DPI  during 

third  month  of  treatment 

Trend  towards  higher  mean  increase  in 

morning  and  evening  PEF  rate  with  DPI 

DPI  and  MDI  equally  effective 


•  Significant  improvement  in  pulmonary 
function  with  both  devices  vs  placebo 

•  No  significant  difference  between  devices 

•  Significant  improvement  in  pulmonary 
function  with  both  devices  vs  placebo 

•  Greater  bronchodilator  response  with  MDI 
vs  Diskus  at  baseline 

•  No  difference  in  outcome  between  2 
formulations  of  Fluticasone 

•  All  patients  showed  improvement  in 
outcome 

•  No  difference  in  efficacy  between  devices 

•  Morning  PEF  higher  with  Turbuhaler 


No  difference  between  devices 


Decrease  in  asthma  exacerbations, 

physician  contacts,  and  symptoms  with 

DPI 

Dose-dependent  improvement 

No  difference  between  devices 


*  The  response  to  salmeterol  delivered  by  Diskus  might  not  be  clinically  equivalent  to  thai  with  salmeterol  delivered  by  MDI  in  all  patients. 

t  The  MDI  produces  aerosol  with  a  higher  line  particle  traction  (35%  vs  12%  of  nominal  dose),  and  achieves  higher  pulmonary  deposition  (30%  vs  13.5%  ol  nominal  dose)  than  the  DPI. 

%  Glaxo  Wellcome  Inc.  unpublished  data.  1994  and  1996. 

BID  =  twice  a  day;  BDP  =  Beclomethasotie  dipropionate;  PEF  =  peak  expiratory  How. 


Albuterol 

Double  blind,  crossover. 
24  weeks43 

38 

200  /xg 

200  /xg 
(Rotahaler) 

Albuterol 

Open,  crossover, 
6  weeks44 

14 

200/xg 

400  /xg  (Rotahaler) 

Albuterol 

Double-blind, 

randomized,  double- 
dummy,  parallel, 
12  weeks45 

231 

180 /xg 

200  /xg 
(Rotahaler) 

Salmeterol 

Randomized,  double-blind, 
double-dummy,  parallel. 
12  weeks+ 

240 

50  /xg  BID 

50  /xg  BID 

(Diskus) 

Salmeterol* 

Randomized,  double- 
blind,  double- 
dummy,  parallel, 
1 2  weeks  $ 

258 

50  /xg  BID 

50  /xg  BID 

(Diskus) 

Fluticasone 

Double-blind, 

585 

500  /xg/day  or 

500  /xg/day 

randomized, 

1000  /xg/day 

(Diskhaler)t 

parallel,  6  weeks46 

BDP 

Fluticasone 

Double-blind,  double-dummy 
randomized  52  weeksif 

381 

500  /xg/BID 

500  /xg/BID 
(Diskhaler) 

Budesonide 

Open,  randomized, 
cross-over,  8 
weeks47 

28 

400/800  /xg  BID 

400/800  /xg 

BID  (Turbuhaler) 

Budesonide 

Open,  randomized, 
cross-over,  8 
weeks48 

24 

400  /xg  BID 

400  /xg  BID 
(Turbuhaler) 

Budesonide 

Open,  randomized, 

1,004 

Bronchodilator 

Terbutaline  and 

parallel,  52  ±  4 

and  inhaled 

Budesonide 

weeks29 

corticosteroid 

(Turbuhaler) 

Budesonide 

Open,  randomized,  parallel. 

58 

0.4.0.8.  1.6,  2.4 

0.4,0.8,  1.6,  2.4 

8  weeks49 

mg/day 

mg/day 
(Turbuhaler) 

haler  (Fig.  10)  is  a  multidose  preloaded  powder  system.29 
The  device  instructions  shown  in  Table  3  are  based  on  the 
manufacturers'  instructions  but  incorporate  our  observa- 
tions on  their  step-by-step  use. 

Problems  with  Use  of  Dry  Powder  Inhalers 

The  need  for  a  high  inspiratory  flow  to  aerosolize  the 
drug  powder  results  in  high  oropharyngeal  impaction.  Par- 
ticles depositing  in  the  oropharynx  are  mostly  those  of  the 
carrier,  because  the  smaller  drug  particles  (~2  /xm  in  di- 
ameter) in  the  aerosol  are  less  influenced  by  impaction 
than  the  larger  carrier  particles.  Very  few  carrier  particles 


deposit  in  the  lower  respiratory  tract,  and  irritant  effects 
following  inhalation  of  the  dry  powder  are  seldom  ob- 
served. Oropharyngeal  side  effects  following  inhalation  of 
corticosteroids  appear  to  be  less  common  with  DPIs  than 
with  pMDIs.930  Clinically  significant  oropharyngeal  Can- 
dida infection  occurs  in  —5%  of  patients,11  whereas  dys- 
phonia  occurs  in  30-50%  of  patients  using  inhaled  corti- 
costeroids via  pMDI.32  Use  of  a  spacer  with  a  pMDI 
decreases  the  incidence  of  oropharyngeal  candidiasis  but 
not  of  dysphoria.33-35  Alteration  in  the  position  of  the 
vocal  cords,  and  the  dimensions  of  the  glottis,  when  the 
patient  inhales  against  the  resistance  of  a  DPI  may  reduce 
deposition  of  drug  particles  in  the  larynx  compared  to 
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devices  with  lower  inspiratory  flow  resistance  (pMDIs, 
with  or  without  spacers). 

DPIs  are  breath-actuated  and  therefore  reduce  the  prob- 
lem of  coordinating  inspiration  with  actuation,  which  com- 
plicates the  use  of  pMDIs.  Table  4  lists  the  differences  in 
technique  for  pMDIs  and  DPIs.  Although  many  patients 
find  DPIs  more  convenient  and  easier  to  use  than  pMDIs, 
one  report  suggests  that  up  to  25%  of  patients  may  use 
DPIs  improperly."1  Clinicians  should  be  well  versed  in  the 
use  of  DPIs  and  prepared  to  provide  patients  repeated 
instruction  and  periodic  review  of  technique. ,7  ■"'  The  avail- 
ability of  a  dose  counter  in  the  newer  DPIs  is  an  asset  for 
many  patients. 

Comparison  of  Pressurized  Metered  Dose  Inhalers 
and  Dry  Powder  Inhalers 

Table  5  compares  the  performance  and  convenience  fac- 
tors of  pMDIs  and  DPIs.  Although  DPIs  provide  some 
distinct  advantages  over  pMDIs,  there  could  be  problems 
with  the  use  of  DPIs  in  humid  environments.  Also,  pa- 
tients should  not  use  DPIs  for  relief  of  symptoms  during 
acute  exacerbations  of  asthma.  Bronchodilators  adminis- 
tered via  DPI  can  successfully  treat  patients  with  acute 
asthma,4"42  but  patient's  using  DPIs  for  maintenance  bron- 
chodilator  therapy  are  advised  to  use  a  pMDI  for  acute 
symptoms,  because  patients  with  severe  airway  obstruc- 
tion might  not  be  able  to  generate  the  high  inspiratory  flow 
required  for  optimal  DPI  use.  Further  investigations  are 
needed  to  establish  the  efficacy  of  DPIs  in  patients  with 
acute  airway  obstruction. 

Only  a  few  investigations  have  been  conducted  on  the 
effects  of  drugs  administered  via  DPI  versus  the  same 
drugs  administered  via  pMDI.  For  maintenance  therapy, 
long-term  effects  of  these  drugs  are  of  greater  clinical 
relevance  than  responses  to  administration  of  single  doses. 
Table  6  summarizes  the  results  of  several  studies  of  the 
long-term  effects  of  asthma  drugs  administered  via  DPI 
versus  via  pMDI.  The  table  indicates  that  the  efficacy  of 
drugs  administered  via  DPI  is  similar  to  that  observed  with 
pMDIs.  so  differences  in  the  in  vitro  performance  of  the 
various  devices  do  not  influence  long-term  responses  to 
drug  administration.  However,  individual  responses  vary, 
and  switching  a  patient  from  a  pMDI  to  a  DPI  or  vice 
versa  requires  careful  observation,  possibly  followed  by 
dose  adjustment.  Very  few  investigations  have  determined 
equivalent  doses  of  drugs  when  both  the  drug  and  the 
device  used  for  inhalation  therapy  are  changed:  again,  ad- 
ditional studies  are  needed. 

Final  Recommendations 

Preferably,  patients  should  employ  only  one  type  of 
aerosol-generating  device  for  inhalation  therapy.  The  tech- 


nique of  use  varies  among  devices,  and  repeated  instruc- 
tion is  highly  advisable,  to  ensure  that  the  patient  uses  the 
device  appropriately.  The  use  of  more  than  one  inhalation 
device  can  be  confusing  for  patients,  and  may  decrease 
their  compliance  with  therapy.  Therefore,  clinicians  should 
actively  try  to  reduce  the  number  of  devices  used  by  a 
patient.  At  present,  DPIs  can  be  considered  as  alternatives 
to  pMDIs  in  patients  who  can  generate  inspiratory  flow 
rates  greater  than  30-60  L/min  and  who  are  unable  to  use 
pMDIs  effectively.  Moreover,  some  patients  may  prefer  a 
particular  DPI.  DPIs  are  recommended  for  prophylactic 
and  maintenance  therapy  in  patients  with  asthma  and 
chronic  obstructive  pulmonary  disease,  but  not  for  patients 
with  acute  bronchoconstriction,  or  children  less  than  6 
years  of  age.  Therefore,  one  drawback  of  DPIs  is  that  they 
do  not  substitute  for  pMDIs  in  all  clinical  situations,  and 
the  appropriate  dose  of  a  given  drug  may  be  different  for 
a  pMDI  and  a  DPI.  Deciding  the  appropriate  dose  of  in- 
haled corticosteroids  can  be  a  particularly  vexing  problem, 
since  it  is  difficult  to  determine  bioequivalence  with  cor- 
ticosteroids. Further  research  is  needed  to  determine  equiv- 
alent dosages  when  both  the  drug  and  the  device  used  are 
altered. 
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Bicarbonate,  Oh,  Bicarbonate 


H  Frederic  Helmholz  Jr  MD 


The  source  of  bicarbonate  in  the  body  is  the  carbon 
dioxide  resulting  from  metabolic  energy  production  in  the 
tissues.  Carbon  dioxide  is  remarkably  soluble  in  the  body. 
Whenever  rapid  acid-base  exchanges  take  place,  carbonic 
anhydrase  is  present  to  accelerate  hydration,  and  the  re- 
verse. Carbonic  anhydrase  is  present  in  red  blood  cells, 
gastric  and  intestinal  mucosa,  and  the  pancreas,  for  exam- 
ple. Equilibrium  in  the  arterial  blood  of  carbon  dioxide 
partial  pressure  with  bicarbonate  ion  concentration  and  pH 
is  determined  by  the  cationic  concentration  available  to 
match  bicarbonate  and  buffer  protein  anions.  This  concen- 
tration is  provided  by  renal  adjustment  of  ionic  concen- 
trations, and  was  called  buffer  base  by  Henderson1  and  by 
Singer  and  Hastings.2  Its  difference  from  normal  was  called 
base  excess  by  Astrup3  and  by  Anderson.4  Figures  1,  2, 
and  3  show  these  equilibria.  The  sloping  buffer  line  for 
arterial  blood  in  each  figure  is  derived  by  assuming  that 
the  blood  proteins,  though  buffering  fully  during  each  cir- 
culation, are  represented  in  arterial  blood  as  in  equilibrium 
with  the  entire  body.  Thus,  they  buffer  for  some  3  times 
the  volume  of  the  blood. 

Figure  1  represents  normal  relationships  in  arterial  blood. 
Figure  2  represents  the  relationship  with  decreased  strong 
ion  difference  (acidosis).  Figure  3  represents  relationships 
with  increased  strong  ion  difference  (alkalosis).  Figure  4 
shows  the  difference  in  pH  produced  by  carbon  dioxide 
uptake  in  the  tissues,  the  blood  providing  maximum  buff- 
ering (circled  Point  2)  and  oxygen  diffusion  out  of  hemo- 
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globin,  providing  still  more  buffering  as  the  weaker  acid, 
reduced  hemoglobin,  is  formed  (the  Haldane  effect)  (cir- 
cled Point  3). 

The  normal  kidney  tubules,  by  active  transport  of  cat- 
ions, will  return  "filtered  bicarbonate"  to  the  blood  as 
carbonic  anhydrase  makes  bicarbonate  available  to  accom- 
pany cations.  This  is  the  process  of  "bicarbonate  regener- 
ation" proposed  as  maintaining  the  buffer  power  of  the 
blood.  In  reality,  the  kidney  is  maintaining  strong  ion  dif- 
ference, and  bicarbonate  goes  along.67  The  bicarbonate- 
carbon  dioxide  system  provides  the  transport  system  by 
which  acid  is  removed  from  the  body.  This,  1  suppose,  is 
a  most  effective  form  of  buffering,  but  it  is  not  what  chem- 
ists call  the  action  of  a  "buffer." 
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Fig.  1.  Normal  arterial  blood.  (From  Reference  5,  with  permission.) 
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Fig.  2.  Arterial  blood,  decreased  strong  ion  difference  (acidosis).  (From  Reference  5,  with  permission.; 
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Fig.  3.  Arterial  blood,  increased  strong  ion  difference  (alkalosis).  (From  Reference  5,  with  permission.) 
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Fig.  4.  Blood  equilibrated  with  PC02  of  46  mm  Hg  with  "whole  body  equilibrated"  blood  (circled  Point  3);  with  blood  in  vessels  (circled  Point 
2);  and  with  blood  having  lost  oxygen  (circled  Point  1).  (Modified  from  Reference  5,  with  permission.) 
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Flow- Volume  Loop  Analysis  of  Airflow  Limitation: 
"All  that  Obstructs  Is  Not  Bronchial  Asthma" 

Deborah  A  Hunton  RRT  RPFT  and  David  A  Kaminsky  MD 


Case  Presentation 

A  42-year-old  white  female  was  referred  to  the  pulmo- 
nary outpatient  clinic  by  her  primary  care  physician  for  a 
several-week  history  of  dyspnea  and  cough.  She  had  been 
placed  on  albuterol,  salmeterol,  and  fluticasone  metered 
dose  inhalers,  but  continued  to  have  symptoms  despite 
some  improvement.  She  had  recently  been  seen  in  the 
emergency  department  for  an  exacerbation  of  these  symp- 
toms that  was  unresponsive  to  medications  at  home.  Dur- 
ing that  emergency  room  visit,  her  peak  flow  improved 
from  50  L/min  to  130  L/min  3  hours  after  the  initiation  of 
nebulized  albuterol  and  intravenous  corticosteroids.  By  the 
time  the  patient  presented  to  the  outpatient  clinic,  she  was 
finishing  her  third  course  of  oral  prednisone,  but  continued 
to  suffer  shortness  of  breath  and  paroxysms  of  coughing. 

On  presentation  to  the  pulmonary  clinic,  the  patient  ap- 
peared comfortable,  with  a  temperature  of  37°  C,  blood 
pressure  of  142/82  mm  Hg,  heart  rate  of  80  beats  per 
minute,  and  respiratory  rate  of  16  breaths  per  minute.  Her 
physical  examination  was  notable  for  good  air  movement 
bilaterally,  with  no  wheezes,  crackles,  or  stridor.  The  chest 
x-ray  report  from  2  months  prior  was  normal.  Table  1  and 
Figure  1  show  the  results  of  routine  spirometry. 

Question:  How  would  you  interpret  the  results  of  the 
routine  spirometry? 

Answer:  The  data  in  Table  1  and  Figure  1  show  mod- 
erate airflow  limitation,  with  significant  improvement  in 
forced  expiratory  volume  in  the  first  second  (FEV,)  fol- 
lowing albuterol.  The  shape  of  the  pre-bronchodilator  flow- 
volume  loop  suggests  a  component  of  large  airway  in- 
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trathoracic  obstruction,  but  this  appears  to  resolve  following 
bronchodilator. 

The  patient  was  diagnosed  with  asthma  and  discharged 
on  albuterol,  salmeterol,  and  an  increased  dosage  of  fluti- 
casone, and  asked  to  return  in  one  month.  When  the  pa- 
tient returned  for  that  appointment,  she  complained  of  body 
cramps,  neck  tenderness,  swelling  in  the  upper  sternum, 
difficulty  "getting  air  in  or  out,"  and  that  the  albuterol  was 
providing  only  partial  relief  of  her  dyspnea.  Vital  signs 
were:  temperature  37.4°  C,  blood  pressure  120/64  mm  Hg, 
heart  rate  84  beats  per  minute,  and  respiratory  rate  20 
breaths  per  minute.  Her  physical  examination  revealed  clear 
breath  sounds,  no  wheezing,  crackles,  or  stridor,  and  fre- 
quent cough.  Examination  of  the  thorax  revealed  an  ap- 
proximately 3  cm  oval  swelling  halfway  between  the  su- 
prasternal notch  and  the  larynx. 

Table  2  and  Figure  2A  show  the  results  of  the  second 
spirometry. 

Question:  How  would  you  interpret  the  results  of  these 
follow-up  data? 

Answer:  The  data  in  Table  2  and  Figure  2A  show  severe 
airflow  limitation,  with  no  significant  improvement  fol- 
lowing albuterol  (FEV,  increased  <  200  mL),  and  com- 
pared to  previous  testing,  the  FEV,  is  further  reduced.  The 
flow-volume  loop  now  shows  a  persistent  pattern  of  vari- 
able intrathoracic  obstruction. 

A  chest  x-ray  (Fig.  3)  revealed  marked  widening  of  the 
superior  mediastinum,  with  displacement  of  the  trachea  to 
the  right,  as  well  as  compression  of  the  trachea  indicative 
of  a  superior  mediastinal  mass.  A  chest  computed  tomog- 
raphy scan  (Fig.  4)  showed  the  mass  to  be  7  cm  X  7  cm, 
that  it  surrounded  the  great  vessels,  and  that  it  was  signif- 
icantly compressing  and  deviating  the  trachea.  A  fine  nee- 
dle aspiration  of  the  mass  revealed  it  to  be  nodular  scle- 
rosing Hodgkin's  lymphoma. 

Within  a  week  of  the  second  clinic  visit,  the  patient's 
condition  worsened  to  the  point  of  stridor  and  respiratory 
failure.  She  was  treated  urgently  with  steroids  and  radia- 
tion therapy,  and  chemotherapy  was  started  shortly  there- 
after. Two  weeks  following  chemotherapy  and  radiation, 
her  dyspnea  and  cough  subsided. 
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Table  1.      Spirometric  Data  before  and  after  Administration  of 
Albuterol  during  First  Clinic  Visit 


Table  2.      Spirometric  Data  before  and  after  Administration  of 
Albuterol  during  Second  Clinic  Visit 


Pre-Albuterol 

(%  of  predicted) 

Post-Albuterol 
(%  of  predicted) 

change 

Pre-Albuterol 

(%  of  predicted) 

Post-Albuterol 
(%  of  predicted) 

% 
change 

FVC  (L) 

3.89(101) 

3.89(101) 

0 

FVC  (L) 

3.74  (97) 

3.75  (98) 

0 

FEV,  (L) 

1.80(61) 

2.20  (74) 

+  22 

FEV,  (L) 

0.97  (33) 

1.13(38) 

+  16 

FEV,/FVC  (%) 

46  (60) 

capacity 

ratory  volume  in  the  First  second 

3f  FEV./FVC 

57  (73) 

+  24 

FEV, /FVC  (%) 

26  (34) 

capacity 

ratory  volume  in  the  first  second 

rf  FEV, /FVC 

30 (39) 

+  15 

FVC  =  Farced  vital 
FEV)  =  Forced  expi 
FEV,/FVC  =  Ralio 

FVC  =  Forced  vital 
FEV,  =  Forced  expi 
FEV,/FVC  =  Ratio 

Six  months  after  completing  the  chemotherapy  and  ra- 
diation for  Hodgkin's  lymphoma,  the  patient  returned  to 
the  pulmonary  clinic  for  routine  follow-up.  She  was  off  all 
inhalers  and  had  no  respiratory  symptoms.  Physical  exam- 
ination was  unremarkable.  Spirometry  revealed  not  only 
that  the  forced  vital  capacity  (FVC)  and  FEV,  had  nearly 
normalized,  but  also  that  the  variable  intrathoracic  ob- 
struction had  completely  resolved  (Fig.  2B). 

Discussion 


This  case  clearly  illustrates  the  importance  of  the  shape 
of  the  flow-volume  loop.  All  too  often,  pulmonary  func- 
tion labs  report  numerous  indices  derived  from  simple 
spirometry,  but  fail  to  show  the  flow-volume  loop  itself. 
The  shape  of  the  loop  may  give  valuable  information  about 


the  site  and  extent  of  airflow  limitation.14  Airflow  limi- 
tation can  occur  on  inspiration  or  expiration,  and  can  be 
variable  or  fixed  throughout  the  respiratory  cycle.1  Misin- 
terpreting the  flow-volume  loop  as  normal  when  in  fact  the 
loop  suggests  upper  airway  obstruction  is  among  the  more 
frequent  errors  made  by  general  internists  in  spirometry 
interpretation.5 

The  inspiratory  loop  can  be  a  sensitive  indicator  of  ex- 
trathoracic  abnormalities  that  limit  inspiratory  flow,  such 
as  vocal  cord  dysfunction.6  While  the  inspiratory  loop  is 
important,  the  more  common  finding  of  expiratory  loop 
abnormalities  due  to  intrathoracic  airflow  limitation  must 
not  be  assumed  to  be  due  to  asthma  or  chronic  obstructive 
pulmonary  disease  alone.  Indeed,  close  inspection  of  the 
initial  flow-volume  loop  (Fig.  1A),  reveals  an  initial  sharp 
peak  flow,  followed  by  an  abrupt  plateau  of  flow,  then  a 
gradual  decline  in  flow  as  the  lung  approaches  residual 
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Fig.  1 .  Flow-volume  loops  (solid  line)  before  (A)  and  after  (B)  the  administration  of  the  bronchodilator  albuterol,  during  the  first  clinic  visit. 
The  dashed  line  indicates  the  predicted  flow-volume  relationship. 
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Fig.  2.  Flow-volume  loop  (solid  line)  during  the  second  clinic  visit  (A),  and  six  months  following  completion  of  radiation  and  chemotherapy 
for  Hodgkin's  lymphoma  (B).  The  dashed  line  indicates  the  predicted  flow-volume  relationship. 


■ 


Fig.  3.  Posterior-anterior  chest  radiograph  showing  widening  of 
the  mediastinum,  associated  with  tracheal  narrowing  and  shift  to 
the  right. 


volume.  This  is  not  the  usual  morphology  of  the  upward 
concavity  of  expiratory  flow  seen  in  typical  asthma  or 
chronic  obstructive  pulmonary  disease.7  x  The  abrupt  pla- 
teau suggests  the  possibility  of  another  physical  cause  of 
intrathoracic  airflow  obstruction.  At  high  lung  volumes, 
the  obstruction  would  be  partially  relieved  by  the  dilation 
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Fig.  4.  Computed  tomography  image  of  the  chest  at  the  level  of 
the  mediastinum.  The  figure  depicts  a  cross-sectional  image  of  the 
thorax  as  the  patient  is  lying  on  her  back  with  her  feet  toward  the 
reader.  Similar  to  a  plain  chest  radiograph,  the  lungs  appear  dark, 
surrounded  by  the  soft  tissues  and  bones  (in  white).  The  arrow  is 
on  the  tumor  mass  in  the  mediastinum,  and  points  toward  the 
trachea,  which  is  highly  compressed  and  deviated  to  the  right. 


of  the  involved  airway,  allowing  a  peak  flow  to  occur.  But 
as  the  lung  emptied,  the  obstruction  would  abruptly  limit 
flow  to  a  fixed  level,  until  the  lung  emptied  further  and 
flow  became  limited  by  dynamic  airway  narrowing.9  This 
latter  phenomenon  is  seen  as  the  gradual  decline  in  flow  at 
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the  terminal  portion  of  the  expiratory  loop,  abutting  the 
predicted  maximal  expiratory  flow  envelope. 

In  this  case,  the  patient  had  some  reversal  of  airflow 
limitation  with  bronchodilator,  which  improved  mid-expi- 
ratory flows  to  such  an  extent  as  to  almost  completely 
eliminate  the  plateau  in  the  pre-bronchodilator  studies.  This 
reversal  is  certainly  consistent  with  asthma,  and  is  what 
led  the  clinicians  involved  in  the  case  to  accept  asthma  as 
the  sole  initial  diagnosis.  In  addition,  the  post-bronchodi- 
Iator  loop  had  assumed  a  configuration  somewhat  similar 
to  that  described  by  Tien  et  al10  as  a  normal  variant  in 
young,  healthy  individuals.  This  configuration  is  charac- 
terized by  a  "bump"  in  the  mid-portion  of  the  expiratory 
limb  that  is  concave  to  the  volume  axis.  The  current  case, 
however,  clearly  shows  diminished  flow  rates  for  any  given 
lung  volume,  and  therefore  cannot  be  considered  a  varia- 
tion of  normal. 

The  ultimate  diagnosis  in  this  case  was  only  determined 
after  the  patient  returned  with  worsening  symptoms,  iden- 
tification of  unambiguous  physical  findings,  and  the  per- 
sistence of  the  severe  plateau  in  flow  following  broncho- 
dilator (Fig.  2A).  The  near-complete  normalization  of  the 
flow-volume  loop  following  treatment  (Fig.  2B)  confirmed 
that  the  predominant  initial  abnormality  was  airflow  ob- 
struction caused  by  the  intrathoracic  lymphoma.  However, 
given  the  clinical  history  of  airflow  improvement  follow- 
ing bronchodilator  treatment  during  the  initial  visit,  asthma 
was  probably  also  present. 

This  case  illustrates  the  importance  of  closely  inspect- 
ing the  flow-volume  loop,  the  shape  of  which  is  deter- 
mined not  only  by  the  degree  of  airflow  limitation,  but  also 


by  the  anatomic  nature  and  location  of  obstructing  pro- 
cesses. Although  such  information  may  be  subtle,  it  must 
not  be  overlooked  if  the  pulmonary  function  technologist 
and  physician  are  to  realize  the  full  diagnostic  potential  of 
the  flow-volume  loop. 
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An  Obese  Patient  Referred  for  Preoperative  Pulmonary  Clearance 

Salim  Kathawalla  MD  and  Muzaffar  Ahmad  MD 


Case  Summary 

A  53-year-old  moderately  obese  (body  mass  index  =  39 
kg/nr)  male  was  referred  for  pulmonary  assessment  be- 
fore undergoing  a  left  shoulder  implant  for  painful  osteo- 
arthritis. He  gave  a  history  of  hypertension,  cigarette  smok- 
ing for  90  pack-years,  and  symptoms  of  exertional  dyspnea 
and  mild  hypersomnolence.  Physical  examination  and  chest 
radiography  were  normal.  Table  1  shows  spirometry  re- 
sults, and  Figure  1  shows  the  flow-volume  loop.  The  pa- 
tient underwent  a  diagnostic  test  before  he  was  cleared  for 
surgery. 

1 .  What  abnormality  does  the  flow-volume  loop  show? 

2.  What  is  the  differential  diagnosis  for  the  abnormali- 
ties in  the  flow-volume  loop? 

3.  What  diagnostic  test  was  performed? 


Discussion 

The  flow-volume  loop  reveals  2  abnormal  features:  ( 1 ) 
The  presence  of  flow  oscillations  (the  "saw-tooth  sign") 
on  the  inspiratory  and  expiratory  loops,  and  (2)  the  ratio  of 
mid-expiratory  flow  (FEF50%)  to  mid-inspiratory  flow 
(FEF50%)  is  greater  than  1. 

The  saw-tooth  sign  was  first  described  by  Sanders  et  al 
in  obstructive  sleep  apnea  (OSA).2  It  consists  of  reproduc- 
ible oscillations  occurring  at  constant  interval  on  the  forced 
expiratory  and/or  inspiratory  part  of  the  flow-volume  loop. 
This  pattern  is  caused  by  fluttering  tissue  in  the  upper 
airways  of  patients  with  OSA,  which  was  confirmed  in  this 
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patient  by  direct  visualization  using  a  fiberoptic  broncho- 
scope. Though  initially  described  in  patients  with  OSA, 
saw-tooth  sign  can  also  occur  in  normal  individuals,  pa- 
tients with  extrathoracic  airway  obstruction  or  excess  air- 
way secretions,  burn  victims  at  risk  for  airway  obstruction, 
and  in  patients  with  Parkinson's  disease.3-6 

In  asymptomatic  patients,  the  sensitivity  of  this  sign  for 
OSA  is  approximately  14-33%  and  specificity  is  67-95%7-8 
In  symptomatic  snorers,  the  sensitivity  of  the  sign  increases 
to  72%.  The  sensitivity  is  increased  if  the  flow-volume 
loop  is  performed  in  the  supine  position. ''  Sleep  apnea 
patients  with  the  saw-tooth  sign  have  a  higher  apnea  index 
and  lower  nocturnal  minimum  oxygen  saturation  than  those 
without  the  saw-tooth  sign.  In  a  review  of  2,800  flow- 
volume  loops  performed  in  a  pulmonary  function  labora- 
tory, the  saw-tooth  sign  was  identified  in  40  subjects 
(1.43%).  Of  the  40  subjects  with  the  saw-tooth  sign,  23% 
had  OSA.  and  an  additional  40%  had  either  a  structural 
disorder  of  the  upper  airway  or  neurologic  disease  involv- 
ing the  upper  airway  muscles.10 


Table  1 .      Spirometry  Results 

Test 

Predicted 

Measured 

%  of  predicted 

FVC  (L) 

4.90 

4.17 

85 

FEV,(L) 

3.89 

3.39 

87 

FEV,/FVC 

0.79 

0.81 

102 

PEF  (L/s) 

7.47 

FEF5()V, 

5.32 

FEF,5_7VS  (L/s) 

3.75 

3.70 

99 

ETT 

7.72 

PIF  (L/s) 

4.24 

FIF.(1,,  (L/s) 

4.22 

Predicted  -  Mean  predicted  values  as  per  Crapo  et  al1 

FVC  =  Forced  vital  capacity 

FEV|  -  Forced  expiratory  volume  in  the  first  second 

FEV,/FVC  -  Ratio  of  FEV,  to  FVC 

PEF  =  Peak  expiratory  flow  (in  liters/second) 

FEFsu-i  =■  Forced  expiratory  flow  at  50^  of  the  FVC 

FEF^.;^^  -  Forced  expiratory  flow  between  25c/f  and  759J  of  the  FVC 

ETT  -  Exercise  tolerance  test 

PIF  -  Peak  inspiratory  flow  (in  liters/second) 

FIF<;<,.;  =  Forced  inspiratory  flow  al  509S  of  the  FVC. 
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Fig.  1.  Flow-volume  loop  on  the  patient. 


A  FEF50<7(.  /  FIF50r/r  ratio  greater  than  1  is  a  nonspecific 
sign  seen  in  snorers  and  patients  with  upper  airway  abnor- 
malities such  as  extrathoracic  airway  obstruction  and  sleep 
apnea.  The  ratio  has  a  sensitivity  and  specificity  less  than 
the  saw-tooth  sign  in  predicting  OSA. 

Based  on  the  presence  of  hypersomnolence,  hyperten- 
sion (which  can  be  caused  by  OSA),  and  snoring,  and  on 
the  appearance  of  the  flow-volume  loop,  OSA  was  strongly 
suspected  in  this  patient,  and  a  polysomnogram  confirmed 
severe  OSA.  The  patient  was  treated  with  nasal  continuous 
positive  airway  pressure  and  cleared  for  surgery. 

Though  the  saw-tooth  sign  has  limited  value  as  a  screen- 
ing test  for  OSA,  its  presence  on  the  flow-volume  loop  in 
symptomatic  patients  is  useful  in  suggesting  OSA. 
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A  3 8- Year-Old  Man  with  Progressive  Dyspnea  and 
a  Clear  Chest  Roentgenogram 


Robert  J  Schilz  DO  PhD 


Case  Summary 

A  38-year-old  man  presents  with  a  one-year  history  of 
progressive  dyspnea,  initially  only  with  running,  but  re- 
cently with  climbing  one  flight  of  stairs.  Medical  history 
was  remarkable  only  for  non-A,  non-B,  non-C  hepatitis 
without  chronic  liver  disease,  and  remote  intravenous  drug 
use.  The  patient  is  a  nonsmoker.  His  sister  had  similar 
complaints  and  ultimately  underwent  lung  transplantation. 
Physical  examination  revealed  no  adventitious  lung  sounds. 
Chest  roentgenogram  showed  clear  lung  fields  with  prom- 
inent hila,  and  a  suggestion  of  peripheral  pruning  of  the 
blood  vessels.  A  perfusion  scan  of  the  lung  showed  no 
defects.  Arterial  blood  measurements  on  room  air  were: 
pH  7.47;  arterial  carbon  dioxide  tension  (PacoJ  28  mm 
Hg:  arterial  oxygen  tension  (Pa0,)  52  mm  Hg;  bicarbonate 
2 1  mEq/L;  02  saturation  84%.  Table  1  shows  the  results  of 
pulmonary  function  testing. 

1.  What  is  your  diagnosis? 

Discussion 

The  marked  decrease  in  diffusing  capacity  (DLco)  with 
preserved  flow  rates  and  lung  volumes  suggests  the  pos- 
sibility of  pulmonary  vascular  disease.  Marked  hypoxemia 
on  room  air  with  polycythemia  is  also  noted.  General  patho- 
physiologic processes  that  can  result  in  a  decreased  DLco 
include: 

1.  Decreased  oxygen  carrying  capacity,  especially 
anemia. 

2.  Ventilation-perfusion  mismatch. 

3.  Surgical  loss  of  lung  parenchyma  and  its  accompa- 
nying capillary  bed. 

4.  Destruction  of  normal  alveolar  parenchyma. 
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5.  Compromise  or  obliteration  of  the  pulmonary  vascu- 
lar bed. 

Closer  examination  of  the  data  in  this  case  also  reveals 
polycythemia,  which  would  tend  to  increase  rather  than 
decrease  DLco.  Neither  anemia  nor  surgical  loss  of  lung 
parenchyma  would  be  expected  to  produce  significant  hy- 
poxemia if  the  underlying  or  remaining  lung  were  free  of 
disease.  In  this  case,  there  were  no  historical  or  physical 
examination  findings  suggesting  parenchymal  lung  dis- 
ease. The  chest  x-ray  showed  no  significant  parenchymal 
abnormality,  which  would  be  expected  on  a  good  quality 
x-ray  given  this  degree  of  diffusion  impairment.  The  ra- 
diographic evidence  of  enlarged  hilar  vessels  with  distal 
pruning  suggest  primary  pulmonary  hypertension  (PPH). 

In  the  absence  of  parenchymal  changes,  pulmonary  vas- 
cular disease  is  a  likely  explanation  for  the  diffusion  ab- 
normalities. Several  pathologies  can  reduce  the  surface 
area  of  the  vascular  bed  (and  DLco),  including  vasculitis, 
thromboembolism,  cardiac  valvular  disease,  chronic  pres- 
sure of  volume  overload,  or  hypertension,  suggested  by 
the  plain  radiograph.2 

In  this  case,  ventilation-perfusion  scanning  failed  to  yield 
an  intermediate  or  high  probability  scan,  which  would  be 
expected  in  the  syndrome  of  chronic  thromboembolic  pul- 
monary hypertension.1  There  was  no  evidence  of  a  sys- 
temic inflammatory  condition  or  vasculitis.  Intravenous 
drug  use  may  involve  injection  of  talc,  which  could  lead  to 
an  obliterative  process.4  Human  immunodeficiency  virus 
infection5  or  hepatitis  with  portal  hypertension"  acquired 
from  sharing  contaminated  syringes  can  lead  to  syndromes 
indistinguishable  from  PPH.  In  this  patient,  the  absence  of 
liver  disease  or  HIV  infection  and  the  presence  of  a  fa- 
milial syndrome  suggests  PPH.  Subsequent  echocardiog- 
raphy indicated  elevated  right  ventricular  pressures  in  the 
absence  of  intracardiac  shunt  or  valvular  abnormality — 
findings  confirmed  by  cardiac  catheterization.  The  diag- 
nosis was  PPH. 

PPH  is  a  rare  disorder.  The  incidence  of  PPH  in  the 
general  population  is  approximately  1-2  per  million.  Fa- 
milial PPH  represents  approximately  3-5%  of  the  total 
cases  of  PPH.  A  putative  genetic  locus  for  this  disorder  has 
been  mapped  to  chromosome  2.7  Many  patients  with  PPH 
will  have  a  reduction  in  DLco.  For  example,  the  French 
PPH  registry  reported  a  mean  DLco  of  68  ±  24%  predicted.14 
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Table  I.       Spirometry  Results 


Test 

Predicted 

LLN 

Measured 

%  Predicted 

FVC  (L) 

5.41 

4.29 

5.73 

106 

FEV,  (L) 

4.34 

3.49 

3.92 

90 

FEV,/FVC 

0.80 

0.72 

0.68 

85 

TLC  (L) 

7.35 

5.74 

7.42 

101 

DLco  (niL/mm  Hg/s) 

27.0 

22.0 

6.84 

25 

DL/Va 

5.21 

4.09 

0.93 

18 

Hemoglobin 

18.2 

Predicted  =  Mean  predicted  values  as  per  Crapo  et  al 

LLN  =  Lower  limit  of  normal,  the  value  as  the  lower  5th  percentile  of  the  normal  range 

FVC  =  Forced  vital  capacity 

FEV,  =  Forced  expiratory  volume  in  1  second 

FEV | /FVC  =  Ratio  of  FEV,  ol  FVC 

TLC  -  Total  lung  capacity  hy  helium  dilution  (liters) 

DLCO  -  Diffusing  capacity  for  carbon  monoxide  (niL/miti  Hg/seeond) 

DL/Va  =  Ratio  of  diffusing  capacity  to  alveolar  volume. 


A  decreased  diffusing  capacity  is  correlated  with  a  worse 
prognosis  in  PPH.9  However,  patients  with  significant  pul- 
monary hypertension  can  have  a  measured  DLco  in  the 
normal  range,10  so  the  absence  of  significant  DLco  abnor- 
malities does  not  exclude  the  PPH  diagnosis.  Treatment 
for  PPH  includes:  anticoagulation,  vasodilator  therapy,  and 
a  consideration  of  lung  transplantation.  The  DLco  may  not 
change  with  medical  management  of  PPH." 

This  patient  was  treated  with  oxygen,  Coumadin,  and 
intravenous  prostacyclin  therapy. 
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Role  of  Bicarbonate  Ion 

Concentration  in 

Acid-Base  Balance 


I  have  had  the  privilege  of  hearing  Joe 
Morfei  give  verbal  presentations  on  several 
occasions.  His  skill  in  synthesizing  formi- 
dably complex  subjects  is  enviable,  and  this 
skill  is  evident  in  his  review  that  recently 
appeared  in  this  Journal. '  Joe  succeeded  in 
making  an  intrinsically  difficult  topic,  Stew- 
art's "Strong  Ion  Difference"  concept,  clear 
and  coherent.  I  take  issue  with  one  of  the  un- 
derlying assumptions  of  the  analysis,  but  my 
quarrel  is  with  Stewart,  and  not  with  Morfei. 

Stewart's  thesis  is  crucially  linked  to  the 
claim  that  acid-base  balance  is  related  to 
3 — and  only  3 — independent  variables:  (1) 
total  weak  acid  concentration;  (2)  carbon 
dioxide  tension;  and  (3)  the  so-called  "strong 
ion  difference,"  defined  as  the  net  electro- 
static charge  of  the  strong  ions.  In  this 
schema,  bicarbonate  ion  concentration  is  rel- 
egated to  the  status  of  a  dependent  variable. 
The  rationale  that  Stewart  employs  to  ex- 
plain the  dependent  role  of  bicarbonate  re- 
lates to  his  (entirely  correct)  observation  that 
the  ultimate  origin  of  every  bicarbonate  ion 
in  solution  is  the  antecedent  dissociation  of 
carbonic  acid.  Indeed,  if  the  prevailing  con- 
centration of  bicarbonate  were  rigidly  linked 
to  the  dissociation  reaction  of  carbonic  acid, 
this  logic  would  be  irrefutable.  But  the  in- 
stantaneous concentration  of  bicarbonate  at 
any  given  time  is  only  remotely  related  to 
the  source  of  formation  of  bicarbonate,  but 
intimately  linked  to  the  kinetic  adjustment 
and  regulation  of  those  innumerable  ions 
long  after  their  formation. 

Unfortunately,  Stewart's  analysis  over- 
looks a  tremendously  important  source  of 
perturbation  to  the  body's  buffering  system, 
which  flies  in  the  face  of  any  attempt  to 
consider  the  abundance  of  bicarbonate  to  be 
slavishly  dependent  on  the  carbonic  acid  dis- 
sociation reaction.  The  source  of  that  per- 
turbation is  the  kidney's  role  as  it  relates  to 
the  reabsorption  of  bicarbonate  at  the  distal 
renal  tubule.  Indeed,  if  renal  reabsorption 
were  absent,  the  prevailing  bicarbonate  ion 
concentration  in  the  blood  and  body  tissues 
would  necessarily  be  immensely  lower  than 
that  which  prevails  in  health.  In  fact,  the 


desperately  low  levels  of  bicarbonate  that 
would  be  imposed  upon  the  human  organ- 
ism in  such  a  circumstance  would  not  be 
consistent  with  survival,  unless  the  body's 
equilibrium  system  were  broadened  to  in- 
clude categories  of  anionic/cationic  species 
that  are  not  associated  with  carbon-based 
life  forms  as  we  know  them.  In  the  absence 
of  the  renal  regulatory  machinery,  the  ratio 
of  bicarbonate  ion  concentration  to  hydro- 
gen ion  concentration  would  be  approxi- 
mately 1  to  1,  whereas,  in  actuality,  that 
ratio  (in  homeostasis)  is  roughly  600,000  to 
1 .  Stated  another  way,  the  effectiveness  of 
the  kidney  in  upregulating  bicarbonate  ion 
concentration  renders  the  instantaneous  con- 
centration of  that  chemical  species  a  full- 
Hedged  independent  variable.  After  all,  we 
certainly  wouldn't  consider  iatrogenic 
changes  in  bicarbonate  ion  (such  as  occur 
with  the  infusion  of  sodium  bicarbonate)  to 
represent  a  change  in  a  dependent  variable, 
because  this  action  constitutes  an  obvious 
alteration  in  the  endogenous  status  of  the 
equilibrium  system  from  outside  the  body. 
Similarly,  the  continuous  renal  adjustment 
of  bicarbonate  ion  concentration  that  occurs 
in  homeostatic  and  nonhomeostatic  condi- 
tions is  fully  analogous  to  the  iatrogenic 
modification  just  invoked.  Although  the  ad- 
justment we're  describing  occurs  inside  the 
body,  its  effects  are  imposed  on  the  equi- 
librium system  from  outside  of  that  system. 
When  the  irrelevant  assumption  of  the 
'dependent'  nature  of  bicarbonate  that  Stew- 
art's theory  necessitates  is  laid  aside,  the 
Strong  Ion  Difference  approach  seems  to 
conceal  more  than  it  reveals.  This  is  not  to 
say  that  a  thoughtful  consideration  of  the 
Strong  Ion  Difference  concept  is  an  intel- 
lectual waste  of  time.  On  the  contrary,  Mor- 
fei's  cogent  and  thought-provoking  review 
of  this  intriguing  thesis  serves  to  focus  our 
attention  on  the  operation  of  a  wondrously 
and  consummately  effective  physiologic  sys- 
tem, the  sodium  bicarbonate/carbonic  acid 
buffer  system.  Surely,  any  mental  exercise 
that  prompts  us  to  ponder  the  interactions  of 
a  system  to  which  we  literally  owe  our  very 
lives  must  be  regarded  as  time  well  spent. 

Bob  Demers  RRT 

Demers  Consulting  Services 
Carmel,  California 
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The  author  responds: 

I  would  agree  with  Mr  Demers  that  the 
human  organism  is  a  marvelously  integrated 
physiochemical  system,  but  must  disagree 
with  his  conclusion  that  the  renal  regulatory 
mechanisms  qualify  bicarbonate  as  an  inde- 
pendent variable  thus  refuting  Stewart's 
Strong  Ion  Difference  approach  to  acid  base 
balance. 

A  function  of  the  kidney  is  H+  excretion 
with  the  concomitant  active  transport  of  Na+ 
from  the  glomerular  filtrate  into  the  tubular 
cells,  where  it  is  reabsorbed  back  into 
plasma.  Chloride  ion  passively  follows  so- 
dium in  order  to  maintain  electroneutrality. 
This  mechanism  accounts  for  about  80%  of 
reabsorbed  sodium.  The  remaining  20%  of 
reabsorbed  sodium,  also  exchanged  for  H+ 
across  the  renal  cell  membrane,  is  passively 
accompanied  by  bicarbonate  ion.  It  is  inter- 
esting to  note  that  this  bicarbonate,  which 
has  been  filtered  in  the  glomerulus  as 
NaHCO,,  is  not  reabsorbed  as  a  bicarbon- 
ate ion  per  se,  but  goes  through  the  "dehy- 
dration reaction"  (HCO^  +  H  '  — >  H2CO, 
— »  C02  +  H20),  combining  with  a  secreted 
H+  and  ultimately  ending  up  as  a  carbon 
dioxide  and  a  water  molecule.  CO,  moves 
into  renal  cells  in  response  to  a  pressure 
gradient,  where  it  goes  back  through  the 
hydration  reaction  in  the  presence  of  car- 
bonic anhydrase  and  reforms  a  "new"  bi- 
carbonate ion,  which  then  electrically  bal- 
ances a  Na+.  The  rate  of  absorption  of 
bicarbonate  is  directly  proportional  to  the 
PCO,'  To  paraphrase  Mr  Demers,  bicar- 
bonate is  slavishly  dependent  on  the  car- 
bonic acid  dissociation  reaction.  The  kid- 
ney also  helps  regulate  the  K  '  concentration 
by  secretion  in  somewhat  inverse  propor- 
tion to  the  rate  of  H+  secretion.  Through 
the  regulation  of  sodium,  chloride,  and  po- 
tassium, the  kidney  is  able  to  adjust  the 
strong  ion  difference. 

Mr  Demers  does  raise  a  good  question  as 
to  why  the  concentration  of  bicarbonate  ion 
is  approximately  6(X),(XX)  times  greater  than 
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the  hydrogen  ion  concentration.  One  would 
think  that  if  bicarbonate  were  linked  to  car- 
bon dioxide  via  the  hydrolysis  reaction,  then 
the  hydrogen  ion  concentration  should  be  at 
least  as  great  as  that  of  the  bicarbonate,  since 
it  is  produced  1  for  1  as  a  result  of  the 
dissociation  of  carbonic  acid.  However,  at 
homeostasis,  the  cells  of  the  human  organ- 
ism function  best  in  a  chemically  alkaline 
environment,  at  a  pH  of  7.40.  This,  of  course, 
means  that  there  needs  to  be  more  base  than 
acid  in  order  to  maintain  this  pH.  At  pH  of 
7.4  the  bicarbonate  ion  concentration  is  nor- 
mally 24  mM/L,  the  concentration  of  hy- 
drogen ion  is  39  nmol/L,  and  the  ratio  of 
base  to  acid  is  about  600,000  to  1 .  So  what 


happens  to  all  of  the  excess  acid  that  is  pro- 
duced in  our  body  each  day?  About  70 
mEq/d  are  eliminated  via  the  kidney,  an- 
other 13,000  mEq/d  are  excreted  through 
the  lungs,  and  the  body  has  several  other 
buffer  systems,  including  hemoglobin, 
plasma  proteins,  and  phosphate,  which  are 
all  capable  of  buffering  out  large  quantities 
of  H+.  This  is  a  rather  simplistic  explana- 
tion of  a  complex  physiochemical  system, 
but  I  believe  it  answers  the  excellent  ques- 
tions Mr  Demers  raised  about  Stewart's  ap- 
proach to  acid-base  balance. 

In  conclusion,  it  should  be  clear  that  bi- 
carbonate ion  is  not  an  independent  vari- 
able, and  is  dependent  on  the  concentration 


of  dissolved  carbon  dioxide.  Furthermore,  I 
believe  that  Stewart's  Strong  Ion  Difference 
approach  to  acid  base  balance  requires  more 
clinically  intensive  review  than  it  has  thus 
far  received. 

Joe  Morfei  MS  RRT 

Department  of  Cardiorespiratory  Sciences 

State  University  of  New  York 

Health  Science  Center 

Syracuse,  New  York 
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Understanding  Acid-Base,  Benjamin 
Abelow  MD.  Soft-cover,  illustrated,  333 
pages  plus  appendix.  Baltimore:  Williams 
&  Wilkins;  1998.  $24.95. 

This  book  brings  together  the  chemical, 
physiological,  and  pathological  aspects  of 
acid-base  balance.  The  table  of  contents  and 
index  make  all  aspects  available,  and  self- 
assessment  quizzes  are  provided,  so  the 
book  is  useful  to  respiratory  therapists,  med- 
ical students,  residents,  and  physicians. 

The  subjects  treated  are  pertinent  and,  in 
most  cases,  complete;  however,  the  author 
presents  the  concept  that  bicarbonate  is  the 
body's  primary  buffer,  and  devotes  only  4 
pages  to  the  nonbicarbonate  buffers — the 
proteins.  This  is  a  major  weakness,  since  it 
is  the  proteins — plasma  proteins  and  he- 
moglobin— that  buffer  the  major  acid  pro- 
duced by  the  body,  carbon  dioxide  (C02). 
With  the  help  of  carbonic  anhydrase  in  the 
red  blood  cells,  carbonic  acid  is  produced 
and  buffered  by  the  proteins.  The  proteins 
respond  to  pH  shift  by  associating  and  free- 
ing cations  to  match  the  bicarbonate,  and 
provide  for  efficient  C02  transport.  The  re- 
verse reaction  takes  place  in  the  lungs,  in 
response  to  the  lower  partial  pressure  of 
carbon  dioxide  there. 

Less  easy  to  understand  is  that  the  so- 
called  bicarbonate  regeneration  is  really  re- 
absorption  of  sodium  with  bicarbonate 
made  available  by  the  carbonic  anhydrase 
in  renal  tubules.  The  author  seems  to  oc- 
casionally forget  the  law  of  electro-neutral- 
ity, and  thus  does  not  bring  out  the  effect  of 
strong  ion  difference  on  bicarbonate  con- 
centration at  any  given  tension  of  carbon 
dioxide.  (Strong  ions  are  those  the  concen- 
tration of  which  is  not  affected  by  changes 
in  pH  in  the  physiologic  range.)  It  is  this 
difference  in  concentration  that  represents 
the  cationic  concentration  available  to 
match  protein  anions  and  bicarbonate,  and 
that  Henderson  and  others  called  the  buffer 
base  and,  in  more  recent  literature,  base 
excess. '  The  addition  of  a  strong  acid  re- 
duces the  strong  ion  difference,  while  the 
addition  of  the  salt  of  a  weak  acid  such  as 
sodium  bicarbonate  increases  the  strong  ion 
difference.  This,  as  Stewart  points  out,  is 
fundamental  to  acid-base  physiology.  It  is 
the  kidney  that  adjusts  difference  of  strong 


ions  by  selectively  excreting  into  or  reab- 
sorbing from  the  glomerular  filtrate. 

The  clinical  chapters  (3,  4,  and  5)  pro- 
vide valuable  discussions  of  the  pathophys- 
iology of  and  therapies  for  various  acid- 
base  abnormalities.  The  appendix  is  also 
very  useful — pertinent  references  are  dis- 
cussed, including  reports  by  Stewart,  who 
first  emphasized  the  concept  of  strong  ion 
difference  to  explain  buffer  base  and  the 
base  excess. 

The  book  is  a  paperback  of  medium  for- 
mat, and  is  easy  to  use.  The  subjects  are 
easy  to  find,  the  illustrations  are  clear,  and 
I  found  no  typographical  errors.  The  author 
shines  through  as  a  dedicated  teacher.  I  ap- 
plaud his  effort,  even  though  I  disagree  with 
some  of  his  interpretations. 

H  Frederic  Helmholz  Jr  MD 

Staff  Emeritus 

The  Mayo  Clinic 

Rochester,  Minnesota 
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Manual  of  Pulmonary  Function  Testing, 

7th  ed,  Greg  L  Ruppel  Med  RRT  RPFT. 

Soft-cover,  illustrated.  364  pages.  St  Louis: 
Mosby-Year  Book;  1998.  $36.00. 

This  book  truly  has  two  personalities. 
On  the  one  hand,  it  is  a  treasure  trove  of 
information  regarding  pulmonary  function 
testing  (PFT)  and  all  its  aspects.  Indeed, 
this  would  be  the  "Bible"  to  study  prior  to 
taking  the  CPFT  or  RPFT  exam;  it  alone 
would  probably  suffice  as  preparation  for 
either  exam.  Each  chapter  begins  with  a  set 
of  objectives  that  clearly  establish  what  will 
be  covered  and  what  the  reader  should  be 
able  to  do  upon  completion  of  that  chapter. 
Each  chapter  contains  highlighted  areas  on 
interpretive  strategies  and  criteria  for  ac- 
ceptability for  each  test  or  procedure  dis- 
cussed; there  are  also  at  least  one  illustra- 
tive case  study  and  self-study  questions. 
Obviously  much  thought  went  into  creat- 


ing this  seventh  edition.  On  the  other  hand, 
there  are  glaring  errors  and  some  editorial 
irritations  such  as  numerous  disagreements 
between  subjects  and  verbs. 

In  Chapter  1 ,  "Indications  for  Pulmonary 
Function  Testing,"  the  author  makes  the  ex- 
cellent point  that  "interpretation  of  PFTs  is 
best  made  if  the  clinical  question  asked  of 
the  test  is  considered."  He  discusses  several 
disease  entities  whose  diagnosis  and  treat- 
ment depend  on  PFT.  Unfortunately,  he  char- 
acterizes (in  bold  face  type)  asthma  as  pri- 
marily a  disease  of  bronchoconstriction,  and, 
further,  says  that  bronchodilators  are  the  first 
line  drug,  with  steroids  being  used  only  in 
those  patients  who  fail  to  respond  to  bron- 
chodilators. 

Chapter  2,  "Spirometry  and  Related 
Tests,"  discusses  standard  spirometry  and  all 
measured  or  derived  values,  flow-volume 
loops,  peak  expiratory  flow,  maximum  vol- 
untary ventilation  (MVV),  pre-  and  post- 
bronchodilator  studies,  maximal  inspiratory 
and  expiratory  pressures,  airway  resistance 
and  conductance,  and  compliance.  Three  case 
studies  go  into  great  detail  in  explaining  the 
results  and  their  significance.  Unfortunately, 
in  this  chapter,  morbidity  is  defined  as  the 
"likelihood  of  dying."  whereas  the  dictionary 
defines  it  as  state  of  sickness. 

Chapter  3  addresses  "Lung  Volumes  and 
Gas  Distribution  Tests."  Techniques  for  mea- 
suring lung  volumes  containing  residual  vol- 
ume are  discussed,  using  gas  dilution  tech- 
niques as  well  as  body  plethysmography. 

Chapter  4,  on  "Ventilation  and  Ventila- 
tory Control  Tests,"  treats  the  assessment  of 
response  to  carbon  dioxide  and  oxygen.  It  is 
here  that  the  editing  starts  to  get  in  the  way 
of  the  message.  The  volume  of  gas  expired 
per  minute  is  given  the  symbol  VE  (with  no 
dot  over  the  V);  then,  an  entire  paragraph  is 
repeated.  In  the  self-assessment  questions  at 
the  end  of  the  chapter,  the  diagnosis  of  hy- 
poventilation is  determined  by  both  an  arte- 
rial carbon  dioxide  tension  (PaCO,)  of  49  mm 
Hg  and  a  pH  of  7.29.  These  missteps  are 
jarring  when  one  is  reading  and  has  to  pause 
to  discern  whether  the  book  is  in  error. 

Chapter  5  covers  "Diffusing  Capacity 
Tests."  More  tests  than  I  knew  existed  are 
covered  in  this  chapter,  with  heavy  emphasis 
on  the  single  breath  technique  as  the  most 
commonly  used. 
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Chapter  6,  "Blood  Gases  and  Related 
Tests,"  is  especially  frustrating,  partly  be- 
cause of  editing  problems.  In  the  first  para- 
graph the  author  states  that  "Noninvasive 
techniques  have  drawbacks.  Understanding 
of  their  limitations  allows  them  to  be  used 
to  provide  appropriate  patient  care."  Shortly 
thereafter,  he  mentions  the  units  for  blood 
gas  measurement  as  torr  or  kPa,  but  pro- 
vides normals  only  for  torr.  In  describing 
blood  gas  sampling,  the  amount  of  heparin 
used  in  the  syringe  is  described  as  "0.25  mL 
of  1000  /x/ml"  (L  is  the  symbol  for  liter  and 
/x  stands  for  "micro"  as  opposed  to  units). 
He  does  make  the  important  point  that  the 
clinical  importance  of  temperature  correc- 
tion is  unclear  (what  should  your  P0  be  if 
your  temperature  is  32°  C?)  and,  thus,  blood 
gases  should  be  reported  at  37°  C.  Further 
along,  the  pulmonary  function  technologist 
is  encouraged  to  monitor  ventilation-perfu- 
sion  ratio  (V/Q)  alterations  by  ". . .  allowing 
the  subject  to  breath  [sic]  100%  02 
Later,  in  the  discussion  of  shunt  calculation, 
he  states  that  "approximately  5%  of  the  car- 
diac output  is  shunted  through  the  pulmo- 
nary system. . .  ".  There  is  a  small  shunt 
calculated  for  healthy  people — it  is  a  result 
of  the  bronchial  and  thebesian  drainage  into 
the  left  side  of  the  heart.  In  that  paragraph, 
the  discussion  addresses  what  happens  when 
the  ".  . .  terminal  airways  loose  [sic]  their 
support.  .  .  ".  At  the  end  of  this  section,  in 
the  case  in  which  C(a.v)0,  cannot  be  esti- 
mated or  hemoglobin  cannot  be  saturated 
with  oxygen,  he  recommends  using  P(A_a)0 
as  in  index  for  V/Q  matching.  There  are  2 
problems  here.  First,  he  uses  the  symbols 
A-aD02  for  the  alveolar-arterial  oxygen  gra- 
dient; in  this  context,  the  D  usually  stands 
for  delivery.  Second,  the  P<A-a>o,  changes 
with  FIOi;  the  only  normals  published  are 
for  someone  breathing  room  air.  At  the  end 
of  the  chapter,  the  first  case  study  reports  a 
DL/VA  of  76,  when  predicted  is  4.38.  The 
second  case  study  addresses  hemoglobin 
concentration  in  the  discussion,  but  no  he- 
moglobin measurement  was  given  in  the  pre- 
sentation. The  chapter  summary  includes  the 
following  example  of  the  problem  of  sub- 
ject/verb agreement:  "The  technical  aspects 
of  obtaining  samples  was  covered. . .".  Fi- 
nally, Question  3  asks  the  result  of  having 
too  much  heparin  in  a  blood  gas  sample. 
The  answer  given  is  lowering  of  PCOi  be- 
cause of  dilution.  Alteration  of  the  P0i  and 
lowering  of  pH  are  separate  (incorrect)  an- 
swers. 


Chapter  7,  "Cardiopulmonary  Exercise 
Testing,"  discusses  the  differential  diagno- 
sis of  the  causes  of  dyspnea  (cardiac,  pul- 
monary, deconditioning,  poor  effort)  as  one 
major  topic.  Also  included  are  oxygen  con- 
sumption and  carbon  dioxide  production, 
calculation  and  significance  of  respiratory 
exchange  ratio,  and  changes  in  cardiorespi- 
ratory variables  during  exercise.  In  this  chap- 
ter, the  author  recommends  that  the  person- 
nel be  certified  in  cardiopulmonary 
resuscitation;  people  receive  course  com- 
pletion cards,  but  the  term  certification  has 
not  been  used  for  several  years  because  of 
legal  implications.  Also,  the  author  recom- 
mends that  the  emergency  cart  contain  pro- 
panolol  [sic].  There  is  some  confusion  ap- 
parent in  the  discussion  of  minute 
ventilation.  The  author  defines  VEmax  as  "the 
VE  achieved  at  the  highest  work  load  at- 
tained." Actually,  VEmax  is  the  maximum 
minute  volume  of  which  the  subject  is  ca- 
pable. The  author  then  compounds  the  prob- 
lem with  descriptions  of  ventilatory  reserve. 
In  a  normal  subject,  the  limiting  factor  in 
02  delivery  is  the  cardiovascular  system. 
Thus,  there  normally  is  some  ventilatory  re- 
serve at  V02max.  This  could  be  expressed  as 
the  difference  between  VE  at  V02max  and 
MVV  (estimated  as  the  forced  expiratory 
volume  in  the  first  second  [FEV,]  X  35) 
divided  by  MVV.  Normally,  the  VE  at 
V02max  >s  about  60-70%  of  MVV.  In  pul- 
monary disease,  the  lungs  become  the  lim- 
iting factor  in  02  delivery.  In  this  case,  the 
VE  at  V02max  approaches  the  MVV;  that  is, 
the  percentage  approaches  100.  Unfortu- 
nately, these  2  sentences  completely  mis- 
state these  facts:  "In  healthy  subjects  the 
ventilatory  reserve  seldom  exceeds  50%.  In 
subjects  with  pulmonary  disease,  it  typically 
exceeds  70%."  The  rest  of  the  chapter  does 
well  until  the  case  studies.  Here,  smoking 
history  is  given  in  "pack/years"  instead  of 
pack-years.  Also,  in  Case  7C,  the  arterial 
oxygen  tension  (Pa0,)  for  a  particular  blood 
gas  in  the  text  is  different  from  that  in  the 
table. 

Chapter  8,  "Specialized  Test  Regimens," 
covers  methacholine  inhalation  challenge, 
histamine  challenge,  exercise  challenge,  eu- 
capnic  hyperventilation,  preoperative  PFT, 
and  testing  for  disability.  A  little-known  area 
is  PFT  in  children;  how  do  you  measure 
pulmonary  function  when  the  subject  can- 
not cooperate?  The  chapter  concludes  with 
indirect  calorimetry.  In  this  chapter,  prob- 
lems begin  early  on,  when  the  author  indi- 
cates that  "Methacholine  is  a  chemical  stim- 


uli. . .".  Later,  he  incorrectly  defines  morbid 
obesity  as  "greater  than  30%  above  ideal 
body  weight"  (in  fact,  obesity  is  generally 
defined  as  greater  than  20%  above  ideal  body 
weight  and  morbid  obesity  as  greater  than 
100%  above  ideal  body  weight).  Awkward 
phrasing  continues  in  the  discussion  about 
performing  PFTs  in  children:  "The  func- 
tional residual  capacity  in  infants  not  only  is 
a  function  of  the  recoil  forces  of  the  lung 
and  chest  wall  but  is  dynamically  main- 
tained. . .".  In  the  section  on  indirect  calo- 
rimetry, we  learn  that  the  ". . .  decrease  in 
spirometer  volume  equals  the  rate  of  02  up- 
take of  V0l."  One  of  the  questions  at  the 
end  asks  how  a  patient  referred  for  disabil- 
ity determination  should  be  evaluated.  The 
indicated  answer  is  4-6  minutes  of  tread- 
mill exercise  at  5  METs,  with  blood  gases. 
But  because  disability  is  relative  to  the  per- 
son's job  responsibilities  and  energy  ex- 
pended on  the  job,  a  standard  recipe  does 
not  fit  every  situation. 

Chapter  9,"Pulmonary  Function  Testing 
Equipment,"  covers  all  types  of  equipment, 
not  only  for  formal  pulmonary  function  test- 
ing, but  also  for  peak  flow  measurement, 
blood  gas  analysis,  gas  analysis,  and  oxim- 
etry (by  both  transmission  and  reflectance 
spectrophotometry).  This  chapter  is  remark- 
ably well  written  and  edited,  compared  to 
the  other  chapters.  It  stumbles  only  on  the 
question  of  what  forms  of  hemoglobin  are 
measured  by  pulse  oximetry,  its  answers  be- 
ing RHb  (reduced  hemoglobin  or  that  which 
is  not  carrying  oxygen)  and  total  Hb. 

The  last  chapter  addresses  "Quality  As- 
surance in  the  Pulmonary  Function  Labora- 
tory," an  important  subject  in  that  failure  to 
utilize  proper  quality  control  procedures  can 
have  substantial  effects  on  patient  care.  One 
quite  interesting  recommendation  is  the  use 
of  a  lung  analog  to  check  the  performance 
of  DLCOsb  (single-breath  diffusion  of  car- 
bon monoxide  across  the  lung).  This  en- 
ables simultaneous  check  of  the  helium  and 
carbon  monoxide  analyzers,  volume  trans- 
ducers, breathing  circuit,  and  software.  The 
ratio  of  the  2  gases  should  be  1,  and  the 
calculated  DLco  should  be  0. 

The  appendixes  address  reference  values, 
conversion  and  correction  factors,  regula- 
tions and  regulatory  agencies,  equations, 
sample  calculations,  and  the  mean  and  stan- 
dard deviation.  Unfortunately,  the  problems 
with  the  text  persist  into  the  appendixes. 
The  appendix  on  conversion  and  correction 
factors  defines  work,  power,  and  energy  in 
Joules  (energy  should  be  in  joules  per  sec- 
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ond).  In  the  same  chart,  the  SI  unit  for  area 
is  0  instead  of  nr2;  L/kPa  is  written  as  L/k/ 
Pa.  The  appendix  on  regulations  and  agen- 
cies discusses  the  Joint  Committee  on  Ac- 
creditation of  Health  care  Organizations, 
mentions  the  American  Review  of  Respira- 
tory Disease  (which  changed  its  name  at 
least  5  years  ago),  and  the  chart  has  some 
typesetting  problems  that  make  it  difficult 
to  figure  out  some  sections.  In  the  appendix 
on  equations,  the  author  states:  "If  all  pul- 
monary capillary  blood  equilibrates  with  al- 
veolar gas,  Cc0i  and  Ca0i  become  identi- 
cal. .  .".  As  blood  from  the  bronchial 
circulation  and  from  the  coronary  circula- 
tion drains  into  the  left  side  of  the  heart. 
Ca0i  must  always  be  less  than  Cc0,,  and 
calculated  shunt  will  always  be  greater  than 
zero. 

The  glossary  is  riddled  with  inaccurate 
or  confusing  definitions,  some  of  which  have 
no  direct  relationship  to  the  topic  of  the  book. 
For  example,  anatomic  dead  space  is  said  to 
go  "down  to  the  level  of  the  respiratory  bron- 
chioles." Since  the  respiratory  bronchioles 
are,  by  definition,  part  of  the  gas  exchange 
area,  they  cannot  be  part  of  the  anatomic 
dead  space.  A  buffer  is  defined  as  "a  solu- 
tion that  will  maintain  a  given  pH. . . ,"  but 
the  pH  has  to  change  some  for  the  buffer  to 
function.  The  pH  will  not  return  to  its  orig- 
inal value,  but  the  change  will  be  less  than 
if  there  were  no  buffer  present.  Ejection  frac- 
tion is  defined  as  "the  portion  of  ventricular 
volume  ejected  during  systole."  Specifically, 
it  is  the  ratio  of  stroke  volume  to  end  dia- 
stolic volume.  The  definition  provided  for 
rebreathing  is  incomprehensible:  "referring 
to  or  describing  a  system  which  allows  the 
subject  to  breathe  continuously  while  mea- 
surements are  made." 

The  present  review  includes  only  some 
of  the  problems  I  identified  in  reading  the 
Manual  of  Pulmonary  Function  Testing, 
and  it  concerns  me  that  respiratory  thera- 
pists in  training  might  obtain  and  memorize 
a  significant  amount  of  incorrect  informa- 
tion or  be  left  confused  by  some  parts  of  the 
book.  I  would  encourage  the  author  and  ed- 
itor to  make  a  meticulous  review  prior  to 
the  next  edition. 


Robert  R  Fluck  Jr  RRT 

Department  of  Cardiorespiratory  Sciences 

SUNY  Health  Science  Center 

Syracuse,  New  York 


Exam  Review  and  Study  Guide  for  Peri- 
natal/Pediatric  Respiratory  Care,  Robert 
Harwood  MSA  RRT.  Soft-cover,  illustrated, 
350  pages.  Philadelphia:  FA  Davis  Com- 
pany, 1999.  $32.95. 

This  book  is  addressed  to  several  audi- 
ences: candidates  for  the  National  Board  of 
Respiratory  Care  (NBRC)  Perinatal/Pediat- 
ric  Specialty  Exam;  students  in  respiratory 
care  training  programs;  and  entry  level  prac- 
titioners in  the  field  of  perinatal/pediatric 
respiratory  care.  Toward  the  needs  of  the 
first  group,  there  are  two  120-question  pre- 
tests and  post-tests,  patterned  after  the 
NBRC's  Detailed  Content  Outline  (which 
governs  construction  of  the  specialty  exam) 
and  detailed  analysis  of  the  answers. 

Each  of  the  16  chapters  begins  with  an 
outline  of  the  chapter  and  end  with  a  self- 
test.  The  self-tests  include  open-ended  and 
multiple-choice  questions.  All  the  chapters 
reference  very  recent  publications,  and  some 
reference  materials  on  the  World  Wide  Web. 

Harwood  maintains  a  consistent  style,  ap- 
proach, depth,  and  quality.  For  instance, 
most  chapters  provide  considerable  detail 
on  nonpulmonary  aspects  of  pediatric  patho- 
physiology and  care.  Especially  prominent 
is  an  appreciation  of  the  role  of  the  patient's 
level  of  development  in  the  therapist's  plan- 
ning and  delivery  of  care. 

The  book  is  illustrated  with  simple  black 
and  white  line  drawings,  mostly  of  good 
quality.  No  photos  are  included  in  the  illus- 
trations, presumably  in  order  to  keep  the 
cost  of  the  book  low.  The  first  chapter  con- 
sists of  an  overview  of  the  NBRC's  Perina- 
tal/Pediatric  Specialty  exam,  as  well  as  test- 
taking  and  study  tips.  The  remaining 
chapters  are  clinically  oriented.  Chapter  2, 
"Developmental  Care  of  the  Newborn,"  be- 
gins with  a  good  introduction  to  the  ideas  of 
Dr  Heidelise  Als,  which  have  transformed 
neonatal  intensive  care  during  the  last  de- 
cade. Chapter  3  reviews  fetal  lung  develop- 
ment. 

Chapter  4  covers  comprehensive  assess- 
ment of  the  fetus  and  newborn.  In  addition 
to  cardiopulmonary  assessment,  Harwood 
discusses  topics  such  as  glucose  and  elec- 
trolyte abnormalities,  which,  unfortunately, 
are  not  always  covered  in  respiratory  care 
texts.  The  otherwise  excellent  discussion  of 
chest  radiograph  interpretation  is  flawed  by 
a  lack  of  illustrations. 

Chapter  5  addresses  newborn  resuscita- 
tion. Chapter  6  provides  an  overview  of  com- 
mon respiratory  and  nonrespiratory  diseases, 
including  sepsis  and  intraventricular  hem- 


orrhage. Chapter  7  presents  all  aspects  of 
monitoring  in  the  newborn  and  child,  and 
briefly  discusses  pediatric  CPR  (no  reason 
given  why  this  section  was  not  included  in 
Chapter  5).  Chapter  8  discusses  pediatric 
assessment,  and,  like  the  neonatal  chapter, 
includes  nonrespiratory  issues  as  well, 
though  not  to  the  same  degree. 

Chapter  9  covers  oxygen  and  humidity 
therapy,  and  probably  includes  too  much 
information  on  the  basics  of  these  therapies, 
which  pediatric  specialists  would  presum- 
ably know  from  their  general  training.  The 
discussion  of  retinopathy  of  prematurity  is 
generally  excellent,  but  mistakenly  refers  to 
laser  therapy  to  treat  glaucoma  in  retinopa- 
thy of  prematurity  (lasers  are  actually  used 
to  treat  or  prevent  vascular  proliferation  and 
retinal  detachment).  The  discussion  of  hu- 
midifier/closed incubator  interactions  is  suc- 
cinct and  well  illustrated.  However,  heated 
humidifier/radiant  warmer  interactions  are 
not  discussed. 

Harwood  also  mistakenly  advocates  the 
use  of  weight-based  or  age-based  formulas 
to  calculate  the  dose  of  aerosolized  drugs. 
The  fact  that  the  infant's  and  child's  minute 
ventilation  (and  therefore,  drug  inhalation) 
is  proportional  to  weight  obviates  the  need 
to  deliver  smaller  doses  of  aerosolized  drugs 
to  these  patients.  The  discussion  of  contin- 
uous nebulization  of  ribavirin  and  other 
agents  in  Chapter  9  is  inadequate,  given  the 
widespread  practice  of  nebulization  during 
mechanical  ventilation.  Furthermore,  some 
recommendations,  such  as  placing  the  neb- 
ulizer between  the  Y  adapter  and  the  endo- 
tracheal tube  have  been  shown  to  reduce 
aerosol  deposition.  Chapter  9  also  includes 
a  discussion  of  continuous  positive  airway 
pressure  and  bi-level  positive  airway  pres- 
sure. In  future  editions  of  this  book  the  chap- 
ter's title  should  be  changed  to  better  reflect 
its  contents. 

Chapter  1 0  covers  the  most  common  pe- 
diatric pulmonary  disorders.  Included  is  the 
seemingly  obligatory  "croup  versus  epiglot- 
titis" table,  which  has  appeared  in  almost 
every  pediatric  respiratory  or  critical  care 
text  published  during  the  last  30  years.  In 
that  the  Haemophilus  influenzae  type  B  vac- 
cine has  virtually  eliminated  epiglottitis  in 
the  USA  and  other  developed  countries,  per- 
haps it  is  time  to  eliminate  the  epiglottitis 
discussion  as  a  standard  feature  of  pediatric 
texts. 

The  section  on  pediatric  asthma  is  one  of 
the  most  thorough  and  accessible  in  recently 
published  respiratory  texts,  and  fully  reflects 
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the  most  recent  recommendations  of  the  Na- 
tional Asthma  Education  Project.  Likewise, 
the  review  of  cystic  fibrosis  does  a  good  job 
of  explaining  the  function  of  the  cystic  fi- 
brosis transmembrane  regulator  (the  defec- 
tive gene  that  causes  cystic  fibrosis).  The 
discussion  of  cystic  fibrosis  could  be  im- 
proved by  a  discussion  of  the  role  of  Burk- 
holderia  cepacia  in  the  pathophysiology  of 
cystic  fibrosis  in  older  children  and  young 
adults,  as  well  as  its  impact  on  the  manage- 
ment of  cystic  fibrosis  centers.  The  book 
would  also  benefit  from  discussions  on  gas- 
troesophageal reflux  and  respiratory  disor- 
ders in  the  immunocompromised  child. 

Airway  management  and  postural  drain- 
age are  discussed  in  Chapter  1 1 .  An  over- 
view of  pediatric  CPR  and  advanced  life 
support  is  included,  but  is  not  listed  in  the 
index.  Also  missing  is  a  critical  review  of 
recent  "hot  topics"  in  the  pediatric  nursing 
and  respiratory  literature,  such  as  the  rou- 
tine use  of  normal  saline  during  suctioning, 
suctioning  frequency,  depth  of  catheter  in- 
sertion, and  the  best  means  of  maintaining 
oxygenation  and  asepsis  during  suctioning. 

Chapter  12  covers  congenital  heart  de- 
fects, and  each  of  the  major  defects  is  illus- 
trated. Unfortunately,  the  discussion  of  sur- 
gical repair  is  superficial.  It  would  be 
worthwhile  to  include  a  discussion  of  com- 
mon issues  in  postoperative  care  of  the  pe- 
diatric heart  patient,  such  as  management  of 
pulmonary  hypertension.  Harwood  briefly 
mentions  the  use  of  innovative  therapies 
such  as  inhaled  C02,  but  fails  to  describe 
the  rationale  or  technique. 

Chapter  1 3  thoroughly  discusses  mechan- 
ical ventilation  and  includes  several  useful 
tables.  Chapter  14  features  a  well  illustrated 
discussion  of  the  use  of  pulmonary  function 
testing  in  the  ventilated  patient.  Most  of  the 
illustrations  are  from  commercial  sources. 
Chapter  15  discusses  special  procedures 
such  as  chest  tube  insertion  and  extracorpo- 
real membrane  oxygenation.  The  final  chap- 
ter is  on  home  care,  with  a  special  emphasis 
on  apnea  monitoring. 

Despite  its  relatively  low  price,  this  text 
meets  its  goal  of  providing  a  comprehen- 
sive introduction  and  review  of  perinatal  and 
pediatric  respiratory  care. 

Robert  Lewis  ND  RRT 

Family  Nurse  Practitioner 

Healthsouth 

Seattle,  Washington 


Management  Skills  for  the  New  Health 
Care  Supervisor,  3rd  ed.  William  Umiker 
MD.  Hardcover,  423  pages.  Gaithersberg 
MD:  Aspen  Publishers;  1998.  $49.00. 

A  preponderance  of  health  care  workers 
promoted  to  supervisory  positions  find 
themselves  embarking  on  their  new  career 
without  the  benefit  of  managerial  training 
or  experience.  They  have  reached  this  po- 
sition because  they  are  technically  astute, 
but  find  themselves  in  unfamiliar  territory 
and  are  expected  to  supervise  the  same  peo- 
ple who  were  formerly  co-workers.  This  in- 
volves numerous  new  experiences  and  a 
whole  new  set  of  problems.  Umiker' s  book 
aims  to  smooth  the  transition  from  worker 
to  middle  manager.  It  is  a  textbook  of  how 
to  deal  with  the  day-to-day  "people  prob- 
lems" that  consume  a  great  deal  of  a  new 
supervisor's  time  and  energy.  The  content 
is  appropriate  for  therapists,  nurses,  physi- 
cians, and  other  health  care  workers  who 
move  into  management  positions.  The  or- 
ganization of  the  book  follows  a  natural  pro- 
gression from  "I've  got  the  job  and  now 
what  do  I  do  with  it?"  to  managing  people 
and  developing  communication  skills,  and 
even  touches  on  the  dreaded  topic  of  cost 
control  and  managed  care. 

Part  I,  "Planning  and  Organizing,"  de- 
tails how  radically  work  life  can  change  dur- 
ing the  leap  from  "doing"  skills  to  "lead- 
ing" skills.  It  describes  the  skills  needed, 
the  changes  in  the  various  work  relation- 
ships (former  co-workers  now  subordinates, 
other  supervisors,  one's  new  manager),  and 
identifies  potential  pitfalls.  Customer  ser- 
vice, planning,  organizing,  orientation  of 
new  employees,  and  team-building  are  also 
discussed  in  this  section. 

Part  II,  "Controlling  People,"  focuses  on 
managing  staff  behavior,  both  positive  and 
negative.  Cultural  diversity,  performance 
feedback,  and  employee  retention  are  dis- 
cussed herein.  Most  of  us  will  be  able  to 
identify  one  or  two  of  our  own  employees 
profiled  in  the  behavior  type  sections. 

Part  III,  "Cost  Control,"  briefly  addresses 
key  concepts  of  cost  control,  budgets,  and 
managed  care.  The  author  clearly  states  that 
this  is  not  the  focus  of  the  book,  but  only  a 
quick  overview  of  the  essentials.  Even 
though  supervisors  are  not  often  solely  re- 
sponsible for  the  budget,  their  job  frequently 
requires  input  on  the  subject,  and  this  sec- 
tion is  certainly  beneficial. 

Parts  IV  and  V,  "Developing  Employ- 
ees" and  "Special  Supervisory  Skills,"  de- 
tail the  specific  skills  needed  to  encourage 


creativity,  enhance  verbal  and  written  com- 
munication, and  improve  negotiation  skills 
and  time  management.  Part  VI  discusses 
coping  with  stress,  career  development, 
planning  for  a  successor,  and  the  impor- 
tance of  networking  with  fellow  supervi- 
sors. 

Each  chapter  lists  references  and  recom- 
mended reading.  Some  of  the  quotes  and 
sayings  interspersed  among  the  chapters  are 
appropriate  and  insightful,  while  others  are 
somewhat  trite,  but  they  do  lighten  what 
might  otherwise  be  very  dry  material.  There 
is  no  need  for  illustrations  in  the  book,  but 
the  use  of  tables  and  bold  headings  helps 
make  information  easy  to  find. 

In  summary,  this  book  is  well  written, 
organized,  and  indexed,  contains  a  wealth 
of  pertinent  information  for  the  new  super- 
visor, and  is  well  worth  reading  before  em- 
barking on  a  new  management  position.  It 
would  also  benefit  experienced  supervisors 
seeking  fresh  or  renewed  perspective,  or 
greater  efficiency  in  their  current  position. 

Carol  L  Kasper  RRT 

Department  of  Respiratory  Care 

Harborview  Medical  Center 

Seattle,  Washington 

High  Life:  A  History  of  High-Altitude 
Physiology  and  Medicine,  John  B  West 
PhD  MD  DSc.  Hardcover,  illustrated,  493 
pages.  Oxford:  Oxford  University  Press  for 
the  American  Physiological  Society;  1998. 
$79.50. 

High  Life  is  an  extensive  history  of  high 
altitude  physiology,  intended  for  a  broad  au- 
dience of  biologists,  physiologists,  physi- 
cians, and  those  interested  in  trekking  and 
climbing  at  high  altitude.  John  West  has  a 
long  involvement  with  pulmonary  physiol- 
ogy research,  including  high  altitude  stud- 
ies. He  was  the  leader  of  the  1981  Ameri- 
can Medical  Research  Expedition  to  Mt 
Everest,  which  was  successful  from  both 
climbing  and  scientific  perspectives.  As  with 
other  books  by  John  West,  this  one  is  well 
written  and  very  thorough,  so  much  so  that 
I  was  tempted  to  skim  some  parts  where 
controversial  historical  points  were  dis- 
cussed in  detail. 

After  briefly  discussing  what  the  ancient 
Greeks  and  Chinese  wrote  about  high  alti- 
tude's effects  on  the  body,  the  first  4  chap- 
ters chronicle  discoveries  in  atmospheric  sci- 
ence and  physical  chemistry  relating  to 
barometric  pressure  and  altitude.  This  dis- 
cussion includes  an  excellent  summary  of 
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the  early  history  of  pulmonary  physiology 
in  the  17th  to  19th  centuries,  and  the  related 
early  history  of  high  altitude  medicine.  Early 
in  the  book  West  also  discusses  in  detail  the 
observations  made  by  Father  Joseph  de 
Acosta  on  the  effects  of  altitude  on  the  hu- 
man body.  Father  de  Acosta,  a  Jesuit  priest 
living  in  South  America  in  the  16th  century, 
is  generally  credited  with  the  first  descrip- 
tion of  high  altitude  illness.  West's  history 
of  pulmonary  physiology  should  be  inter- 
esting to  anyone  who  works  in  a  field  re- 
lated to  lung  biology  or  lung  disease. 

The  middle  of  the  book  includes  a  chap- 
ter on  the  history  of  high  altitude  illness, 
another  on  early  expeditions  to  Mt  Everest. 
and  another  on  permanent  residents  of  high 
altitudes.  Devoting  a  whole  chapter  to  dis- 
cussing the  peopie  involved  in  first  recog- 
nizing high  altitude  illness  helps  to  give 
credit  to  some  earlier  descriptions  of  acute 
mountain  sickness  and  high  altitude  pulmo- 
nary edema  that  are  not  often  mentioned  in 


the  literature.  This  might  be  of  most  interest 
to  persons  involved  in  high  altitude  illness 
research.  The  chapter  on  early  expeditions 
to  Mt  Everest,  however,  would  be  of  inter- 
est to  most  readers,  because  the  history  of 
early  Mt  Everest  attempts  sets  the  stage  for 
the  physiologic  extreme  of  living  and  climb- 
ing above  20,000  ft.  Subsequent  research 
projects  described  later  in  the  book  are  Op- 
eration Everest  I  and  II,  in  which  subjects 
were  taken  to  an  equivalent  barometric  pres- 
sure as  that  at  the  summit  of  Mt  Everest,  but 
over  the  duration  of  several  weeks  and  in  a 
chamber.  Other  field  expeditions  include  the 
Silver  Hut  Expedition  in  the  Everest  region 
of  Nepal,  and  the  American  Medical  Re- 
search Expedition  to  Everest.  We  see  that 
the  environment  and  climbing  history  of 
Everest  are  intimately  related  to  the  history 
of  modern  high  altitude  physiology  research. 
Later  chapters  describe  the  more  recent 
research  on  high  altitude  illness  and  physi- 


ology, providing  a  comprehensive  modern 
day  understanding.  Overall  this  book  offers 
a  fascinating  look  at  the  history  of  high  al- 
titude physiology,  and  an  appreciation  of 
our  current  understandings.  The  only  criti- 
cism I  might  make  is  that  West  is  so  thor- 
ough in  some  aspects  of  his  endeavor  to 
describe  the  history  of  high  altitude  physi- 
ology that  parts  of  the  book  are  slower  read- 
ing. I  am  sure,  however,  that  what  was  not 
as  interesting  to  me  will  be  fascinating  to  a 
reader  with  a  different  background.  This  re- 
ally speaks  to  the  variety  of  information  in 
the  book.  Most  everyone  interested  in  pul- 
monary physiology  or  high  altitude  illness 
will  find  at  least  some  part  of  this  book 
fascinating  reading. 

Colin  K  Grissom  MD 

Pulmonary  Division 

LDS  Hospital 

Salt  Lake  City,  Utah 
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CRCE  througfi  the  Journal— 1999 

CRCE  through  the  Journal,  a  program  for  American  Association  for  Respiratory 
Care  (AARC)  members  to  gain  credit  for  continuing  education,  is  now  in  its  eleventh 
year.  By  reading  RESPIRATORY  CARE — the  science  journal  for  respiratory  care  pro- 
fessionals— and  completing  this  examination,  AARC  members  may  earn  credit  for  con- 
tinuing education.* 

This  50-item,  multiple-choice  examination  is  based  on  papers  published  from  July 
1998  through  June  1999  in  RESPIRATORY  CARE.  The  issue  and  page  numbers  of  the 
paper  on  which  a  question  is  based  are  shown  in  brackets  following  the  question.  You 
may  consult  the  cited  paper;  however,  we  encourage  you  to  read  the  paper  in  its  entirety 
before  answering  the  question.  Choose  the  single  most-correct  answer,  and  mark  the 
answer  sheet,  which  is  located  following  Page  992. 

Mail  your  completed  answer  sheet  by  September  30, 1999.  Answer  sheets  postmarked 
after  September  30  will  not  be  processed.  The  Answer  Key  for  CRCE  through  the  Jour- 
nal will  be  published  in  the  October  Issue  of  RESPIRATORY  CARE.  No  scores  will  be 
available  from  the  AARC  until  the  1999  CRCE  Transcripts  are  mailed  in  early  2000. 

We  are  indebted  to  Phillip  Hoberty  EdD  RRT,  Assistant  Professor  and  Director  of 
Clinical  Education,  Respiratory  Therapy  Division,  School  of  Allied  Medical  Profes- 
sions, The  Ohio  State  University,  Columbus,  Ohio;  Mike  Tissue  MS  RCIS  RCS 
RPFT  RRT  Perinatal/Pediatric  Specialist,  Cardiopulmonary  Care  Sciences,  Georgia 
State  University,  Atlanta,  Georgia;  Timothy  B  Opt' Holt  EdD  RRT  and  William  V 
Wojciechowski  MS  RRT,  Department  of  Cardiorespiratory  Care,  University  of  South 
Alabama,  Mobile,  Alabama;  and  Linda  L  Stone  RRT,  Program  Director,  Northern 
Virginia  Community  College,  Annandale,  Virginia. 


*The  acceptance  of  these  credits  for  the  fulfillment  of  license-mandated  continuing  education  is  dictated  solely  by 
the  licensure  law  of  each  individual  state. 
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QUESTIONS: 


Please  follow  the  instructions  on  the  previous  page,  and  record  your  answers  on 
the  perforated  form  provided  following  Page  992. 


1 .  According  to  Stoller  and  Michnicki,  which  of 
the  following  are  noteworthy  shortcomings  of 
their  research? 

a.  The  possibility  that  respondents  comprised 
a  biased  sample. 

b.  The  recorded  perceptions  were  not 
representative  of  all  medical  house  officers. 

c.  The  possibility  that  respondents  were 
inclined  to  provide  favorable  answers. 

d.  The  surveyors  did  not  assess  the  house 
officers  expertise  in  ordering  respiratory 
care  services. 

e.  All  of  the  above. 

[July  1998;43(7):549-551] 


2. 


4. 


Hussey  et  al  reported  that  respiratory  therapists 
trained  to  use  a  decision  tree  algorithm 
intubated 

a.  104  patients,  unsupervised  by  Emergency 
Department  physicians. 

b.  54  patients,  unsupervised  by 
anesthesiologists. 

c.  162  patients,  supervised  by 
anesthesiologists. 

d.  75  patients,  supervised  by  anesthesiologists. 

e.  89  patients,  supervised  by  Emergency 
Department  physicians. 

[July  1998;43(7):552-556] 

According  to  Gupta  et  al,  63  men  were  seen  in 
the  Emergency  Services  Department  48  hours 
following  exposure  to  toxic  fumes  from  an 
accidental  underground  explosion;  some  of  the 
men  presented  with 

a.  no  symptoms. 

b.  dyspnea,  chest  discomfort,  and  vomiting. 

c.  burning  in  the  eyes,  headache,  and 
giddiness. 

d.  severe  respiratory  distress. 

e.  all  of  the  above. 

[July  1998;43(7):557-561] 

According  to  Ludlam  et  al,  which  of  the 
following  have  NOT  been  noted  as  rare  causes 


of  endobronchial  lesions  in  some  HIV-infected 
patients? 

a.  Pneumocystis  carinii 

b.  Bacterial  and  cytomegalovirus  tracheitis 

c.  Escheria  coli 

d.  Grandular  cell  myoblastoma 

e.  Rhodococcus  equi 

[July  1998;43(7):562-566] 

5.    According  to  Hill,  what  trend  has  occurred  dur- 
ing the  past  dozen  years  or  so  in  the  care  of 
ventilator-assisted  individuals  (VAIs)? 

a.  Acute  care  hospitals  established  on-site 
ventilator  units. 

b.  Subacute  and  chronic  care  hospitals  failed 
to  open  weaning  units. 

c.  The  total  number  of  VAIs  in  the  population 
has  decreased. 

d.  Noninvasive  ventilation,  particularly  NPPV, 
has  steadily  declined  in  use. 

e.  A  national  database  has  been  established  to 
track  the  care  of  VAIs. 

[August  1998;43(8):635-636] 


6. 


What  result  was  found  when  Stoller  et  al 
studied  patterns  of  adult  non-ICU  respiratory 
care  services  at  The  Cleveland  Clinic 
Foundation  while  using  a  respiratory  therapy 
consult  service  (RTCS)? 


b. 


c. 


e. 


The  total  number  of  high- volume  therapies 

increased  during  the  5-year  period. 

The  proportion  of  bronchodilator  therapy 

delivered  by  small  volume  nebulizer 

increased. 

The  number  of  patient  days  for  oxygen 

therapy  decreased  with  a  resulting  savings 

of  several  thousand  dollars. 

It  was  shown  that  the  use  of  the  RTCS 

caused  a  decrease  in  therapy  volume  and 

therapy  cost. 

The  hospital  census  steadily  declined  during 

the  study. 

[August  1998;43(8):637-642] 
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7.  What  did  Adams  et  al  find  to  be  true  when  they 
looked  for  changing  prevalence  and 
characteristics  of  ventilator-assisted  individuals 
(VAIs)  in  Minnesota  in  3  cross-sectional 
surveys? 

a.  The  number  of  VAIs  increased  from  1986- 
1997  in  the  same  proportion  as  the  total 
population  of  the  state. 

b.  Chronic  obstructive  pulmonary  disease  was 
the  predominant  reason  for  ventilator 
assistance. 

c.  Inclusion  of  NPPV  in  the  third  survey 
indicated  it  contributed  to  nearly  half  of  the 
increase  in  ventilator  assistance  from  1992 
to  1997. 

d.  The  most  prevalent  age  group  for  ventilator 
assistance  was  31-40  years  of  age. 

e.  The  inclusion  of  all  VAIs  in  the  state  was 
assured. 

[August  1998;43(8):643-649] 

8.  According  to  Salyer,  what  is  needed  to  support 
routine  continuous  pulse  oximetry  monitoring? 

a.  proven  effect  of  monitoring  on  patient 
outcomes 

b.  further  studies  on  the  accuracy  of  pulse 
oximetry 

c.  evidence  of  widespread  use  of  pulse  oxime- 
try in  the  medical-surgical  patient 
population 

d.  assumption  that  it  is  the  "standard  of  care" 
and  cannot  be  abandoned 

e.  evidence  that  it  is  commonly  used  in  ICU 
settings 

[August  1998;43(8):650-654] 

9.  What  statement  is  consistent  with  the  AARC 
Position  Statement:  Administration  of  Sedative 
and  Analgesic  Medications  by  Respiratory 
Care  Practitioners? 

a.  The  AARC  believes  that  RCPs  should  not, 
even  under  direct  physician  supervision, 
participate  in  administering  prescribed 
sedation  and  analgesia. 

b.  The  American  Society  of  Anesthesiologists 
offers  no  published  guidelines  on  the  non- 


anesthesiologist  offering  sedation  and 
analgesia. 

c.  After  training  and  competency  assessment, 
RCPs  should  be  certified  as  competent  by 
the  appropriate  medical  director  and 
department  head  or  governing  body  in  their 
facility  before  offering  these  services. 

d.  The  AARC  Position  statement  applies  to 
diagnostic,  but  not  to  therapeutic, 
procedures. 

e.  JCAHO  requirements  and  policies  do  not 
apply  to  offering  these  services. 

[August  1998;43(8):655] 

1 0.  Which  statement  is  true  about  Rau  et  al's  study 
of  in-line  MDI  actuators  for  delivery  of 
aerosolized  drugs? 

a.  Only  the  delivery  of  /3-agonist  drugs  were 
studied. 

b.  The  purpose  of  the  study  was  to  evaluate 
dose  delivery  through  the  oral  route. 

c.  The  study  used  a  mechanically  ventilated 
dog  lung  model. 

d.  The  results  were  the  same  for  all  5  devices 
tested. 

e.  In  vitro  results  reported  support  the  need  for 
an  in  vivo  clinical  comparison. 

[September  1998;43(9):705-712] 

1 1 .  What  statement  is  consistent  with  Stoller's 
review  of  research  on  use  of  protocols  in  respir- 
atory care? 

a.  Misallocation  of  respiratory  care  services 
occurs  commonly  in  patient  care. 

b.  Use  of  respiratory-care-implemented 
protocols  decreases  misallocation  of 
services,  but  increases  cost  and  frequency  of 
adverse  clinical  outcomes. 

c.  The  few  carefully  controlled,  randomized 
trials  of  protocols  that  have  been  performed 
fail  to  support  the  use  of  protocols. 

d.  The  effects  of  using  respiratory  care 
protocols  should  be  confined  to  the  acute 
care  setting. 

e.  The  definition  of  misallocation  of  care  is 
restricted  to  "over-ordering  of  respiratory 
care." 

[September  1998;43(9):719-723] 
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12.  Based  on  the  Point  of  View  by  Kacmarek  and 
Chiche  about  ventilator  treatment  of  patients 
with  acute  respiratory  distress  syndrome 
(ARDS),  what  approach  to  ventilator  care  is 
appropriate? 

a.  Ventilator  strategies  in  ARDS  should 
routinely  encourage  high  peak  ventilating 
pressures. 

b.  PEEP  should  be  avoided  early  in  the 
ventilator  treatment  of  ARDS. 

c.  A  lung  protective  ventilator  strategy  (LPVS) 
is  generally  not  beneficial. 

d.  Maximal  distention  of  the  alveoli  with  high 
tidal  volumes  is  useful  in  avoiding 
complications  in  ARDS. 

e.  High  PEEP  levels  may  be  necessary  when 
based  on  the  actual  respiratory  mechanics  of 
the  individual  patient. 

[September  1998;43(9):724-727] 

13.  The  results  of  Aslamy  et  al's  study  of  cardiac 
enzyme  as  evidence  of  cardiac  injury  in  intu- 
bated patients  with  acute  respiratory  failure 
(ARF)  encouraged  what  approach  to  assessing 
these  patients? 

a.  Use  creatine  kinase  (CK)  screening  in 
patients  with  pulse  rate  >140  bpm  or 
history  of  coronary  artery  disease. 

b.  Perform  enzyme  screening  of  all  ventilated 
patients  >45  years  old  with  noncardiac 
respiratory  failure. 

c.  Assume  that  intubated  patients  in 
noncardiac  respiratory  failure  do  not 
experience  cardiac  injury. 

d.  Assume  that  isolated,  elevated  cardiac 
enzymes  in  ARF  predict  altered  clinical 
outcomes. 

e.  Use  chest  pain  and  ECG  changes  as  the  only 
approaches  to  selecting  intubated  patients 
for  enzyme  screening. 

[September  1998;43(9):713-718] 

14.  Which  of  the  following  was  encouraged  in  the 
Classic  Reprint,  "Standards  of  Effective 
Administration  of  Inhalation  Therapy"  (1950)? 

a.   delegating  inhalation  therapy  services  to  the 
intern  staff,  nurses,  and  orderlies 


b.  registration  of  technicians  and  technician 
supervisors  by  written  and  oral  examination 

c.  excluding  a  physician  outside  of 
anesthesiology  from  serving  as  medical 
director  for  inhalation  therapy  services 

d.  eliminating  the  teaching  of  inhalation 
therapy  in  medical  schools  and  hospitals 

e.  implementing  a  formal  accrediting  body  for 
schools  of  inhalation  therapy 

[September  1998;43(9):730-748] 

15.  Based  on  the  program  evaluation  findings 
presented  by  Powell,  low  knowledge  and  confi- 
dence about  asthma  management  by  school 
personnel  improved  after  6  months  when  they 
received  which  of  the  following  sessions  of 
instructions? 

a.  30  minute  class  on  asthma  management 

b.  1  hour  class  on  asthma  management 

c.  2  or  3  hour  class  on  asthma  management 

d.  4  hour  class  on  asthma  management 

e.  8  hour  class  on  asthma  management 

[October  1998;43(10):804-810] 

16.  Which  of  the  following  is  NOT  an  opioid  anal- 
gesic? 

a.  ibuprofen 

b.  morphine 

c.  fentanyl 

d.  codeine 

e.  methadone 

[November  1998;43(11):942-951] 

1 7.  The  data  reported  by  Arnold  suggest  that  early 
institution  of  high-frequency  oscillatory 
ventilation  (HFOV)  in  pediatric  patients  with 
acute  lung  injury  is  associated  with  which  of 
the  following? 

a.  slightly  higher  incidence  of  subsequent 
chronic  lung  disease 

b.  moderately  higher  incidence  of  subsequent 
chronic  lung  disease 

c.  considerably  higher  incidence  of 
subsequent  chronic  lung  disease 

d.  lower  incidence  of  subsequent  chronic  lung 
disease 

e.  no  difference  in  the  incidence  of 
subsequent  chronic  lung  disease 

[November  1998;43(ll):961-965] 
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19. 


20. 


21. 


The  predominant  criterion,  according  to  Dalton 
and  Heulitt,  for  placing  a  pediatric  patient  on 
extracorporeal  membrane  oxygenation 
(ECMO)  remains  as: 

a.  aspiration. 

b.  bacterial  pneumonia. 

c.  viral  pneumonia. 

d.  myocarditis. 

e.  failure  to  respond. 

[November  1998;43(ll):966-977] 

According  to  Dalton,  the  by-product  of  inhaled 
nitric  oxide  (iNO)  and  oxygen  yields  nitrogen 
dioxide  (NO2),  a  more  highly  toxic  chemical 
that  produces  damage  when  inhaled  in  amounts 
as  low  as parts  per  million. 


a. 

5 

b. 

10 

c. 

15 

d. 

20 

e. 

25 

[November  1998;43(1 1):978-9871 

In  the  Schexnayder  and  Heulitt  study,  which 
factor  was  reported  by  most  participating  practi- 
tioners (46%)  as  the  one  they  believed  to  be  the 
most  important  in  preventing  lung  damage  dur- 
ing mechanical  ventilation? 

a.  peak  inspiratory  pressure 

b.  tidal  volume 

c.  oxygen  concentration 

d.  positive  end-expiratory  pressure 

e.  arterial  carbon  dioxide  tension 

[November  1998;43(1 1):995-998] 

Although  the  American  Thoracic  Society  has 
not  yet  adopted  guidelines  for  acceptability  of 
the  inspiratory  flow-volume  (FV)  curve, 
Hnatiuk  et  al  state  which  of  the  following  as  a 
useful  criterion  of  acceptability? 

a.  FIF50  >  95%  MIF 

b.  FIF50>90%MIF 

c.  FIVC>FVC 

d.  FIVC>90%FVC 


e.   parabolic  shape  with  only  one  inflection 
point 
[December  1998;43(12):  1058-1063] 

22.  Which  mode  of  ventilation  is  preferred  by 
Schinco  et  al  for  bronchopleural  fistual 
management? 

a.  volume  control 

b.  SIMV 

c.  pressure  control 

d.  pressure  support 

e.  CPAP 

[December  1998;43(  12):  1064- 1069] 

23.  Which  of  the  following  statements  is  true 
regarding  pulmonary  surfactant? 

a.  It  functions  to  increase  surface  tension  at 
all  lung  volumes  and  decreases  surface 
tension  as  alveolar  surface  decreases. 

b.  It  functions  to  increase  surface  tension  at  all 
lung  volumes  and  increases  surface  tension 
as  alveolar  surface  decreases. 

c.  It  functions  to  lower  surface  tension  at  all 
lung  volumes  and  increases  surface  tension 
as  alveolar  surface  increases. 

d.  It  functions  to  lower  surface  tension  at  all 
lung  volumes  and  increase  surface  tension 
as  alveolar  surface  decreases. 

e.  It  functions  to  lower  surface  tension  at  all 
lung  volumes  and  decreases  surface  tension 
as  alveolar  surface  decreases. 
[December  1998;43(12):  1070-1085] 

24.  According  to  Sibbald,  in  addition  to  measuring 
outcomes,  which  of  the  following  is  NOT  a 
core  competency  in  the  health  services  domain 
that  he  feels  our  system  needs  at  this  time? 

a.  risk  stratification 

b.  nutritional  approaches 

c.  assessment  of  cost  effectiveness 

d.  measurement  of  the  quality  of  life  and  the 
quality  of  care 

e.  measurement  of  the  quality  of  life  and  the 
quality  of  care  economic  evaluations 
[December  1998;43(12):  1092- 1098] 
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25.  According  to  Mitchell  et  al,  which  of  the 
following  previous  studies  was  most  similar  to 
their  study  of  the  effects  of  metered-dose- 
inhaler  propellant  on  holding  chamber 
performance? 

a.  Dolovich,  1993 

b.  Barry  and  O'Callaghan,  1995 

c.  Barry  and  O'Callaghan,  1997 

d.  Wildhaver  et  al,  1998 

e.  Schulzetal,  1996 

[January  1999;44(l):38-44] 

26.  Analogs  of  which  of  the  following  molecules 
competitively  inhibit  the  action  of  nitric  oxide 
synthase  (NOS)? 

a.  guanylyl  cyclase 

b.  L-arginine 

c.  protein  kinase 

d.  cyclic  guanidine  monophosphate 

e.  citrulline 

[February  1999;44(2):  156- 166] 

27.  Which  of  the  following  cytotoxic  effects  are 
related  to  the  inhalation  of  nitric  oxide? 

I.  DNA  damage 

II.  increased  aerobic  metabolism 

III.  inhibition  of  mitochondrial  enzymes 

IV.  stimulation  of  RNA  replication 

a.  II,  III  only 

b.  I,  III  only 

c.  II,  IV  only 

d.  I,  III,  IV  only 

e.  I,  II,  III,  IV 

[February  1999;44(2):  156-166] 

28.  Which  of  the  following  physiologic  effects  are 
associated  with  the  inhalation  of  nitric  oxide? 

I.  decreased  platelet  aggregation 

II.  inhibition  of  smooth  muscle  cell 
proliferation 

III.  decreased  intracranial  pressure 

IV.  decreased  inflammatory  response 

a.  I,  II  only 

b.  Ill,  IV  only 

c.  II,  III,  IV  only 


d.  I,  II,  IV  only 

e.  I,  II,  III,  IV 

[February  1999;44(2):212-219] 

29.  Which  types  of  gas  analyzers  are  suitable  for 
monitoring  nitric  oxide  and  nitrogen  dioxide  in 
breathing  systems? 

I.  infrared  absorption  analyzers 

II.  chemiluminescence  analyzers 

III.  emission  spectroscopy  analyzers 
IV  electrochemical  analyzers 

a.  I,  IV  only 

b.  II,  IV  only 

c.  II,  III  only 

d.  I,  II  only 

e.  I,  II,  III  only 

[March  1999;44(3):28 1-306] 

30.  Which  of  the  following  descriptions  character- 
ize nitric  oxide  gas? 

I.  Nitric  oxide  is  an  unstable,  free  radical  in 
atmospheric  air. 

II.  Nitric  oxide  reacts  slowly  with  oxygen  to 
form  nitrogen  dioxide. 

III.  Nitric  oxide  is  a  highly  lipid  soluble. 

IV  Nitric  oxide  reacts  with  water  to  form  nitric 
acid. 

a.  I,  III  only 

b.  I,  IV  only 

c.  I,  II,  III  only 

d.  II,  III,  IV  only 

e.  I,  II,  III,  IV 

[March  1999;44(3):28 1-306] 

3 1 .  Which  of  the  following  statements  refer  to 
inducible  nitric  oxide  synthase  (iNOS)? 

I.  It  is  located  in  endothelial  cells. 

II.  It  is  calcium/calmodulin  independent. 

III.  Its  production  is  stimulated  by  endotoxin 
of  Gram-negative  bacteria. 

IV  It  produces  small  amounts  of  NO  for  short 
time  periods. 

a.  II,  III  only 

b.  I,  III,  IV  only 

c.  I,  II,  IV  only 

d.  I,  II,  III  only 

e.  I,  II,  III,  IV 

[March  1999;44(3):308-313] 
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32.  Which  of  the  following  conditions  are  possible 
toxic  effects  of  inhaled  nitric  oxide? 

I.  methemoglobinemia 

II.  nitrogen  dioxide  production 

III.  peroxynitrite  production 

IV.  increased  left  ventricular  filling  pressure 

a.  II,  III  only 

b.  I,  IV  only 

c.  I,  II,  III  only 

d.  II,  III,  IV  only 

e.  I,  II,  III,  IV 

[March  1999;44(3):315-329] 

33.  Which  of  the  following  mechanisms  possibly 
limit  the  NO  effect  through  a  defect  of  the  NO- 
cyclic  guanylate  cyclase  monophosphate  signal 
transduction  pathway? 

I.  decreased  guanylate  cyclase  activity 

II.  increased  phosphodiesterase  activity 

III.  abnormal  cGMP-dependent  protein  kinase 
IV  impaired  vascular  smooth  muscle  contractility 

a.  I,  II  only 

b.  I,  III  only 

c.  II,  IV  only 

d.  II,  III,  IV  only 

e.  I,  II,  III,  IV 

[March  1999;44(3):331-337] 


e.  I,  II,  III  only 

[March  1999;44(3):340-347] 


35.     Which  of  the  following  statements  are  true 
concerning  exhaled  nitric  oxide? 

a.  The  main  source  of  exhaled  nitric  oxide  is 
the  lower  respiratory  tract. 

b.  Nasotracheally  intubated  patients  have  high 
exhaled  nitric  oxide  levels. 

c.  The  main  source  of  exhaled  nitric  oxide  is 
the  upper  respiratory  tract. 

d.  Orotracheally  intubated  patients  have  high 
exhaled  nitric  oxide  levels. 

e.  Equal  amounts  of  nitric  oxide  come  from 
the  upper  and  lower  respiratory  tract. 

[March  1999;44(3):349-357] 


36.     What  factor  reported  by  Kakizaki  et  al  was 

most  likely  responsible  for  the  improvement  in 
chest  wall  mobility  after  respiratory  muscle 
stretch  gymnastics? 

a.  normal  progression  of  time 

b.  improvement  in  the  patient's  disease  state 

c.  improvement  in  FEV  i 

d.  decreased  chest  wall  elastance 

e.  increased  respiratory  muscle  force 

[April  1999;44(4):409-414] 


34.     Which  of  the  following  statements  describe  the 
interaction  between  inhaled  nitric  oxide  and 
red  blood  cells? 

I.  Hemoglobin  has  an  affinity  of  nitric  oxide 
10,000  times  greater  than  it  has  for  oxygen. 

II.  Fetal  hemoglobin  has  less  of  an  affinity  for 
nitric  oxide  than  adult  hemoglobin. 

III.  Globin  becomes  oxidized  when  nitric  oxide 
combines  with  hemoglobin. 

IV  Ferrous  heme  converts  to  ferric  heme  when 
nitric  oxide  combines  with  hemoglobin. 

a.  I,  HI  only 

b.  I,  IV  only 

c.  II,  III  only 

d.  II,  IV  only 


37.     What  result  was  reached  by  Clini  et  al 

regarding  chronic  tracheostomy  in  patients  fol- 
lowing an  acute  exacerbation  of  COPD  that 
required  mechanical  ventilation? 

a.  improved  short-term  survival  in  those 
patients  with  chronic  tracheostomy 

b.  a  higher  rate  of  exacerbation  requiring 
antibiotics  with  chronic  tracheostomy 
a  decreased  tidal  volume  with  chronic 
tracheostomy 

a  decreased  maximum  inspiratory  pressure 
with  chronic  tracheostomy 
an  increased  Paco2  w'tn  chronic 
tracheostomy 

[April  1999;44(4):4 15-420] 


c. 


e. 
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38.  Based  upon  the  conclusions  of  Patel  et  al,  what 
procedure  should  the  respiratory  therapist 
follow  once  a  mechanically  ventilated  patient 
has  been  weaned  to  5  cm  H2O  PSV  +5  cm  H2O 
CPAP? 

a.  Provide  an  additional  24  hours  of  PSV  + 
CPAP  to  assure  readiness  for  ventilator 
withdrawal. 

b.  Extubate  the  patient. 

c.  Provide  an  additional  24  hours  of  CPAP 
using  the  ventilator  to  assure  readiness  for 
ventilator  withdrawal. 

d.  Provide  an  additional  day  of  ventilation  in 
the  assist-control  mode. 

e.  Extubate  the  patient  and  provide  an 
additional  day  of  mask  CPAP. 

[April  1999;44(4):42 1-427] 

39.  According  to  Delgado  et  al,  what  is  NOT  one  of 
the  purposes  of  tracheal  gas  insufflation? 

a.  aid  in  the  reduction  of  alveolar  distending 
pressures 

b.  improve  efficiency  of  CO2  elimination 

c.  potentially  reduce  ventilatory  requirements 

d.  improve  distal  gas  mixing  due  to  turbulence 

e.  allow  a  decrease  in  the  Fio2 

[April  1999;44(4):428-433] 

40.  According  to  Delgado  et  al,  what  intervention 
is  necessary  during  pressure  controlled  ventila- 
tion with  continuous  tracheal  gas  insufflation 
to  maintain  minute  ventilation? 

a.  increase  the  inspiratory  pressure 

b.  decrease  the  PEEP 

c.  insert  a  pressure-relief  valve 

d.  increase  the  I:E 

e.  decrease  the  inspiratory  time 

[April  1999;44(4):428-433] 

41.  In  a  study  of  the  effects  of  a  pediatric  asthma 
protocol,  Lierl  et  al  concluded  that  in  the  proto- 
col group  compared  to  the  control  group: 

a.  length  of  stay  was  significantly  decreased. 

b.  unnecessary  treatments  were  virtually 
eliminated. 

c.  the  number  of  aerosol  treatments 
decreased  significantly. 


d.  the  presence  of  concurrent  oxygen  therapy 
increased  the  number  of  treatments. 

e.  the  length  of  stay  until  aerosols  could  be 
decreased  to  Q6  hours  was  unchanged. 

[May  1999;44(5):497-505] 

42.  According  to  the  oxygen  protocol  study  by 
Konschak,  the  cost  savings  was  based  upon: 

a.  the  replacement  cost  of  nasal  cannulas  every 
day. 

b.  the  cost  of  the  unnecessarily  used  oxygen. 

c.  the  therapist's  time. 

d.  the  cost  of  the  pulse  oximeters. 

e.  all  of  the  above. 

[May  1999;44(5):506-511 

43.  According  to  the  oxygen  protocol  study  by 
Konschak  et  al,  the  median  number  of  dollars 
wasted  per  patient  on  unnecessary  oxygen  was: 

a.  $0.75. 

b.  $1.15. 

c.  $3.95. 

d.  $4.23. 

e.  $5.65. 

[May  1999;44(5):506-511] 

44.  In  the  study  of  an  audit  system  for  a  respiratory 
care  protocol  service,  Kester  and  Stoller 
discovered  an  inconsistency  when  scoring  the 
"rule  out  pneumonia"  diagnosis.  How  was  this 
category  clarified  in  order  to  decrease  this 
inconsistency? 

a.  Therapist  evaluators  were  instructed  to 
consider  pneumonia  if  the  patient  was  febrile. 

b.  Therapist  evaluators  were  instructed  to 
consider  pneumonia  if  the  patient  had  an 
elevated  white  blood  cell  count. 

c.  Therapist  evaluators  were  instructed  to 
consider  pneumonia  if  the  patient  had 
purulent  sputum. 

d.  Therapist  evaluators  were  instructed  to 
consider  pneumonia  if  the  patient  had  an 
infiltrate  and  decrease  in  oxygenation. 

e.  Therapist  evaluators  were  instructed  to 
assume  the  diagnosis  of  pneumonia  based 
upon  the  written  diagnosis  of  "rule  out 
pneumonia." 

[May  1999;44(5):512-519] 
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45.  According  to  Waugh  and  DeKler,  a  significant 
change  in  the  Fpo2  of  a  noninvasive  positive 
pressure  ventilator  occurs  when  which  of  the 
following  changes  are  made? 

a.  the  location  of  the  point  at  which  oxygen  is 
added  to  the  inspiratory  circuit 

b.  altering  the  inspiratory  time 

c.  changing  the  EPAP  level,  while 
maintaining  the  constant  pressure  gradient 

d.  altering  the  oxygen  flow 

e.  all  of  the  above 

[May  1999;44(5):520-523] 

46.  Hurford  notes  that  in  intubation  situations  in 
which  the  patient  is  lying  on  the  ground  or 
floor  there  is  a  higher  rate  of  success  when  the 
operator  is  in  which  position? 

a.  left  lateral  decubitus  position 

b.  kneeling 

c.  straddling  the  patient 

d.  right  lateral  decubitus  position 

e.  Sellick  position 

[June  1999;44(3):615-626] 

47.  According  to  Branson,  passive  humidification 
devices  are  passive  in  operation  only;  the  deci- 
sion to  use  one  requires  active  consideration  of 
all  of  the  following  except 

a.  body  temperature. 

b.  minute  ventilatory  requirements. 

c.  presence  of  pre-existing  pulmonary  disease. 

d.  presence  of  a  bronchopleural  fistula. 

e.  pediatric  application. 

[June  1999;44(3):630-641] 


48.  What  size  of  cuffed  endotracheal  tube  does 
Kline  recommend  for  a  6-year-old  child? 

a.  5.5 

b.  6.0 

c.  3.5 

d.  4.5 

e.  4.0 

[June  1999;44(3):650-658] 

49.  A  bronchial  blocker  is  a  device  that 

a.  has  application  limited  to  right  lung 
procedures. 

b.  is  an  excellent  alternative  to  a  double  lumen 
endotracheal  tube  when  presented  with  a 
difficult  airway. 

c.  can  be  inserted  without  FOB. 

d.  is  designed  for  use  with  laser  procedures. 

e.  has  a  design  flow  prohibiting  suction 
application. 

[June  1999;44(3):661-682] 

50.  Ritz  states  that  the  most  significant  and 
sensitive  outcome  assessment  for  heliox 
therapy  is 

a.  monitoring  Petc02  levels. 

b.  a  5  mm  Hg  decrease  in  pulsus  paradoxus. 

c.  vocal  quality  change  to  high-pitched, 
cartoon-like. 

d.  improvement  in  dyspnea. 

e.  ability  to  delay  intubation. 

[June  1999;44(3):686-689] 


Make  sure  to  double  check  your  work  and  to  mark  the  answer 
sheet  clearly.  Mail  your  completed  answer  sheet  by  September  30, 
1999  to 

CRCE  through  the  Journal 
11030  Abies  Lane 
Dallas  TX  75229-4593 


Look  for  the  answers  in  the  October 
Care. 
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Intubation 
Resources 

from  the  aarc 


IISPs 

Tracheal  Intubation  I:  Upper  Airway  Anatomy  and 
Goals  of  Intubation 

After  completing  this  IISP,  you  will  understand  the  rationale 
for  tracheal  intubation  and  be  able  to  identify  the  important 
landmarks  of  upper  airway  anatomy. 
Item  CP4    $12  (nonmembers  $16) 

Tracheal  Intubation  II:  Routes  of  Intubation 

Describes  the  four  routes  of  tracheal  intubation  and  some 
advantages  and  hazards  of  each.  Also  presents  the  process 
for  selecting  the  most  suitable  route  in  a  given  situation. 
Item  CP5  $12  (nonmember  $16) 

Equipment  Procedures  for  Intubation 

Identifies  all  equipment  required  to  perform  either  oral  or 
nasal  tracheal  intubation,  while  explaining  necessary  steps 
before  and  after  intubation.  Discusses  common  errors  and 
differences  in  procedures  for  infants  and  pediatric  patients. 
Item  CP6  $12  (nonmember  $16) 


Videotapes 


Airway  Management:  Tricks  of  the  Trade 

Learn  how  to  manage  the  obstructed  airway  and  how  to 
determine  when  an  artificial  airway  is  necessary.  Also 
presented  are  the  methods  of  assessing  endotracheal  tube 
positioning,  monitoring  the  intubated  patient,  and  deter- 
mining when  extubation  is  feasible.  Featuring  Charles  G. 
Durbin,  Jr.,  MD,  FCCM,  and  David  J.  Pierson,  MD 
Item  VC67   $49.95  (nonmember  $99) 

Application  of  Positive  Airway  Pressure  Without 
Intubation 

Covers  short-term  application  in  the  inpatient  setting  in  the 
treatment  of  acute,  life-threatening  conditions  and  elective, 
long-term  application  in  home  care.  Includes  a  discussion  of 
bi-level  positive  airway  pressure  via  the  BiPAP*  device. 
Featuring  Robert  M.  Kacmarek,  PhD,  RRT,  and  David  J. 
Pierson,  MD. 
Item  VC32  $49.95  (nonmember  $99) 


ace  your  order,  please  call: 


Texas  customers  only,  please  add  8.25%  sales  tax  (charged  on  product  cost  and  shipping 
charges).  Texas  customers  who  are  exempt  from  sales  tax  must  supply  an  exemption 
certificate.  MasterCard,  Visa,  Institutional  Purchase  Order  or  check  payable  to: 

American  Association  for  Respiratory  Care 

ATTN:  Order  Fulfillment  Department 
11030  Abies  Lane  •  Dallas,  Texas  75229 
Phone  972-243-2272  Fax:  972-484-2720 

www.aarc.ore 


Shipping 

Chart 

$15  or  Less 

$4.25 

$15.01  -$25.00 

$5 

$25.01  -  $60.00 

«■..'■> 

$60.01  -$80.00 

i.25 

$80.01  -  $150.00 

SI  0.25 

$150.01  -$250.00 

i.  14.25 

$251  or  more 

$16.25 

International  Orders  Add  $25 

News  releases  about  new  products  and  services  will  be  considered  for  publication  in  this  section. 

There  is  no  charge  for  these  listings.  Send  descriptive  release  and  glossy  black  and  white  photographs 

to  RESPIRATORY  CARE,  New  Products  &  Services  Dept,  1 1030  Abies  Lane,  Dallas  TX  75229-4593. 

The  Reader  Service  Card  can  be  found  at  the  back  of  the  Journal. 


New  Products 
&  Services 


Spirometer 

Spacelabs  Burdick  Inc  announces  the 
Spirotouch,  Spirometer.  According  to 
Spacelabs  Burdick,  this  device  provides  a 
range  of  functions  including  a  dynamic 
touchscreen,  context-sensitive  help 
screen,  an  automatic  mode  leading  to 
user-customized  testing,  and  automatic 
calibration.  For  more  information  from 
Spacelabs  Burdick  Inc,  circle  number  157 
on  the  reader  service  card  in  this  issue,  or 
send  your  request  electronically  via 
"Advertisers  Online"  at  http://www. 
aarc  .org/buyers_guide/ 


STAT  Analyzer 

AVL  Medical  Instruments  announces  the 
release  of  a  new  parameter,  BUN  (blood 
urea  nitrogen),  for  the  OMNI,  Modular 
System.  The  company  says  the  BUN 
measurement  is  performed  using  "thick- 
film  technology"  which  eliminates  the 
need  for  membrane  replacements  and  an 
AVL  press  release  says  that  with  the  addi- 
tion of  BUN,  the  OMNI  is  currently  the 
only  whole  blood  analyzer  on  the  market 
that  can  provide  the  range  of  menu  op- 
tions it  now  offers.  AVL  says  the  other 
critical  care  parameters  the  analyzer  mea- 
sures include  blood  gases,  electrolytes, 
CO-oximetery,  glucose,  and  lactate.  For 
more  information  from  AVL  Medical 
Instruments  circle  number  158  on  the 
reader  service  card  in  this  issue,  or  send 
your  request  electronically  via 
"Advertisers  Online"  at  http://www. 
aarc .  org/buy  ers_guide/ 


Ventilator 

Bird  Products  Corporation  introduces  the 
TBird  Legacy  ventilator.  A  company 
press  release  explains  that  this  new  venti- 
lator is  ideal  for  the  home  care  patient, 
providing  pressure  support  ventilation 
and  flow  triggering.  According  to  Bird, 
these  features  offer  the  patient  low  work 
of  breathing  and  make  it  very  comfortable 


to  use.  The  company  says  the  Legacy 
ventilator  employs  a  turbine-based  sys- 
tem capable  of  operating  independently 
of  a  compressed  gas  source.  Bird  says  the 
device  also  provides  optional  external 
batteries  for  increased  patient  mobility. 
For  more  information  from  Bird  Products 
Corporation,  circle  number  159  on  the 
reader  service  card  in  this  issue,  or  send 
your  request  electronically  via 
"Advertisers  Online"  at 
http://www.aarc.org/buyers_guide/ 

Nasal  Mask 

Respironics  introduces  its  new  Profile™ 
Custom  Nasal  Mask.  According  to  the 
company,  this  new  mask  allows  patients 
to  customize  their  mask  by  inserting  a 
special  inner  layer  of  the  mask  into  boil- 
ing water  and  after  it  cools,  placing  it  on 
the  face  to  allow  the  impression  to  set.  A 
Respironics  spokesperson  said  that  the 
product  provides  a  better  fit,  which  in 
turn  creates  better  treatment  for  sleep 
apnea  and  other  respiratory  diseases.  For 
more  information  from  Respironics,  cir- 
cle number  1 60  on  the  reader  service  card 
in  this  issue,  or  send  your  request  elec- 
tronically via  "Advertisers  Online"  at 
http://www.aarc.org/buyers_guide/ 
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THE    FDA    MEDICAL    PRODUCTS    REPORTING    PROCRAM 


For  VOLUNTARY  reporting 

by  health  professionals  of  adverse 

events  and  product  problems 


FDA  Use  Only  (Resp  Care) 


Page 


In  confidence 


B.  Adverse  event  or  product  problem 


I.  Q  Adverse  event      and/or  j  Product  problem  (e.g..  defects/malfunctions) 


2    Outcomes  attributed  to  adverse  event      , — . 

(check  all  that  apply)  I I  disability 

J  congenital  anomaly 

_]  required  intervention  to  prevent 
permanent  impairment/damage 


2  death 


(mo/day/yr) 


2  life-threatening 

2  hospitalization  -  initial  or  prolonged         _J  other: 


3  Date  of 
event 

(mo/day/yr) 


4.  Date  of 
this  report 

(mo/day/yr) 


5    Describe  event  or  problem 


6    Relevant  tests/laboratory  data,  including  dates 


7   Other  relevant  history,  including  preexisting  medical  conditions  (e.g..  allergies, 
race,  pregnancy,  smoking  and  alcohol  use,  hepatic/renal  dysfunction,  etc.) 


Mail  to:    MEDWATCH  or  FAX  to: 

5600  Fishers  Lane  1 -800-FDA-01 78 

Rockville.  MD  20852-9787 


of 


Triage  unit 
sequence  * 


C.  Suspect  medication(s) 


1 .  Name  (give  labeled  strength  &  mfr/labeler,  if  known) 
#1 


#2 


2    Dose,  frequency  &  route  used 


=  1 


#2 


3.  Therapy  dates  (if  unknown,  give  duration) 

lrom/lo  (of  besl  estimate) 
#1 


=  2 


4    Diagnosis  for  use  (indication) 
#1 


-2 


6.  Lot  #  (if  known) 
#1 


H2 


7    Exp.  date  (if  known) 
#1 


9.  NDC  #  (for  product  problems  only) 


5    Event  abated  after  use 
stopped  or  dose  reduced 

#1  Dves  □  no    QaW 


#2  Dves  □  no    DaW 


8    Event  reappeared  after 
reintroduction 

#1  Qyes  □  no    DaW 


#2  Dyes  D™>    DaW 


10.  Concomitant  medical  products  and  therapy  dates  (exclude  treatment  of  event) 


D.  Suspect  medical  device 


1.  Brand  name 


2    Type  of  device 


3    Manufacturer  name  &  address 


6. 
model  # 


catalog  # 

serial  # 

lot*  


other  # 


4.  Operator  of  device 

J  health  professional 
2  lay  user/patient 
2  other: 


5    Expiration  date 

(mo/day/yr) 


7    If  implanted,  give  date 

(mo/day/yr) 


8.    If  expianted,  give  date 

(mo/day/yr) 


9.  Device  available  for  evaluation?                (Do  not  send  to  FDA) 
]    yes  J  no  J  returned  to  manufacturer  on 


(mo/day/yr) 


10.  Concomitant  medical  products  and  therapy  dates  (exclude  treatment  of  event) 


E.    Reporter  (see  confidentiality  section  on  back) 


1,     Name&  address 


phone  # 


2    Health  professional? 

□  yes       □    no 


3.    Occupation 


5.     If  you  do  NOT  want  your  identity  disclosed  to 
the  manufacturer,  place  an  "  X  "  in  this  box. 


4    Also  reported  to 

I     I      manufacturer 
I    I      user  facility 
distributor 


:DA  Form  3500  1/96) 


Submission  of  a  report  does  not  constitute  an  admission  that  medical  personnel  or  the  product  caused  or  contributed  '    ■■.■■  event. 


ADVICE  ABOUT  VOLUNTARY  REPORTING 


Report  experiences  with: 

•  medications  (drugs  or  biologies) 

•  medical  devices  (including  in-vitro  diagnostics) 

•  special  nutritional  products  (dietary 
supplements,  medical  foods,  infant  formulas) 

•  other  products  regulated  by  FDA 

Report  SERIOUS  adverse  events.  An  event 
is  serious  when  the  patient  outcome  is: 

•  death 

•  life-threatening  (real  risk  of  dying) 

•  hospitalization  (initial  or  prolonged) 

•  disability  (significant,  persistent  or  permanent) 

•  congenital  anomaly 

•  required  intervention  to  prevent  permanent 
impairment  or  damage 

Report  even  if: 

•  you're  not  certain  the  product  caused  the 
event 

•  you  don't  have  all  the  details 

Report  product  problems  -  quality,  performance 
or  safety  concerns  such  as: 

•  suspected  contamination 

•  questionable  stability 

•  defective  components 

•  poor  packaging  or  labeling 

•  therapeutic  failures 


How  to  report: 

•  just  fill  in  the  sections  that  apply  to  your  report 

•  use  section  C  for  all  products  except 
medical  devices 

•  attach  additional  blank  pages  if  needed 

•  use  a  separate  form  for  each  patient 

•  report  either  to  FDA  or  the  manufacturer 
(or  both) 


Important  numbers: 

•  1-800-FDA-0178 

•  1-800-FDA-7737 

•  1-800-FDA-1088 


1-800-822-7967 


to  FAX  report 

to  report  by  modem 

to  report  by  phone  or  for 

more  information 

for  a  VAERSform 

for  vaccines 


If  your  report  involves  a  serious  adverse  event 
With  a  device  and  it  occurred  in  a  facility  outside  a  doc- 
tor's office,  that  facility  may  be  legally  required  to  report  to 
FDA  and/or  the  manufacturer.  Please  notify  the  person  in 
that  facility  who  would  handle  such  reporting. 

Confidentiality:  The  patient's  identity  is  held  in  strict 
confidence  by  FDA  and  protected  to  the  fullest  extent  of 
the  law.  The  reporter's  identity,  including  the  identity  of  a 
self-reporter,  may  be  shared  with  the  manufacturer  unless 
requested  otherwise.  However,  FDA  will  not  disclose  the 
reporter's  identity  in  response  to  a  request  from  the 
public,  pursuant  to  the  Freedom  of  Information  Act. 


The  public  reporting  burden  for  this  collection  of  information 
has  been  estimated  to  average  30  minutes  per  response, 
including  the  time  for  reviewing  instructions,  searching  exist- 
ing data  sources,  gathering  and  maintaining  the  data  needed, 
and  completing  and  reviewing  the  collection  of  information. 
Send  comments  regarding  this  burden  estimate  or  any  other 
aspect  of  this  collection  of  information,  including  suggestions 
for  reducing  this  burden  to: 


DHHS  Reports  Clearance  Office 
Paperwork  Reduction  Project  (0910-0291) 
Hubert  H.  Humphrey  Building,  Room  531 -H 
200  Independence  Avenue.  S.W. 
Washington.  DC  20201 


"An  agency  may  not  conduct  or  sponsor, 
and  a  person  is  not  required  to  respond  to. 
a  collection  of  information  unless  it  displays 
a  currently  valid  OMB  control  number." 


Please  do  NOT 
return  this  form 
to  either  of  these 
addresses. 


U.S.  DEPARTMENT  OF  HEALTH  AND  HUMAN  SERVICES 
Public  Health  Service  •  Food  and  Drug  Administration 
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Department  of 

Health  and  Human  Services 

Public  Health  Service 

Food  and  Drug  Administration 

Rockville,  MD  20857 

Official  Business 

Penalty  for  Private  Use  $300 


NO  POSTAGE 

NECESSARY 

IF  MAILED 

IN  THE 

UNITED  STATES 

OR  APO/FPO 


BUSINESS  REPLY  MAIL 
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Please  read  the  eligibility  requirements  for  each  of  the  classifications  in  the 
right-hand  column,  then  complete  the  applicable  section.  All  information 
requested  below  must  be  provided,  except  where  indicated  as  optional. 
See  other  side  for  more  information  and  fee  schedule.  Please  sign  and  date 
application  on  reverse  side  and  type  or  print  clearly.  Processing  of  applica- 
tion takes  approximately  15  days. 

□  Active 
Associate 

□  Foreign 

□  Physician 

□  Industrial 
C  Special 

□  Student 


Last  Name  _ 
First  Name 


Social  Security  No. 

Home  Address 

City 


State 


Zip 


Phone  No. 


Primary  Job  Responsibility  (cheek  one  only) 

□  Technical  Director 

□  Assistant  Technical  Director 

□  Pulmonary  Function  Specialist 

□  Instructor/Educator 

□  Supervisor 

□  Staff  Therapist 

□  Staff  Technician 

□  Rehabilitation/Home  Care 

□  Medical  Director 

□  Sales 

□  Student 

□  Other,  specify 


Type  of  Business 

□  Hospital 

□  Skilled  Nursing  Facility 

□  DME/HME 

□  Home  Health  Agency 

□  Educational  Institution 

□  Manufacturer  or  supplier 

□  Other,  specify 


Date  of  Birth  (optional] 


Sex  (optional] 


U.S.  Citizen? 


Yes 


No 


Have  you  ever  been  a  member  of  the  AARC? 
If  so,  when?  From 


to 


Preferred  mailing  address:    □   Home    □   Business 


For  office  use  only 


FOR  ACTIVE  MEMBER 

An  individual  is  eligible  if  he/she  lives  in  the  U.S.  or  its  territories  or  was  an  Active  Member 
prior  to  moving  outside  its  borders  or  territories,  and  meets  ONE  of  the  following  criteria:  II)  is 
legally  credentioled  as  a  respiratory  care  professional  if  employed  in  a  state  that  mandates 
such,  OR  (2)  is  a  graduate  or  an  accredited  educational  program  in  respiratory  care,  OR  (3) 
holds  a  credential  issued  by  the  NBRC.  An  individual  who  is  an  AARC  Active  Member  in  good 
standing  on  December  8,  1 994,  will  continue  as  such  provided  his/her  membership  remains  in 
good  standing. 

PLEASE  USE  THE  ADDRESS  OF  THE  LOCATION  WHERE  YOU  PERFORM  YOUR  JOB,  NOT 
THE  CORPORATE  HEADQUARTERS  IF  IT  IS  LOCATED  ELSEWHERE. 

Place  of  Employment 

Address 

City 

State 


.Zip 


Phone  No. 


Medical  Director/Medical  Sponsor 


FOR  ASSOCIATE  OR  SPECIAL  MEMBER 

Individuals  who  hold  a  position  related  to  respiratory  care  but  do  not  meet  the  requirements  of 
Active  Member  shall  be  Associate  Members.  They  have  all  the  rights  and  benefits  of  the  Asso- 
ciation except  to  hold  office,  vote,  or  serve  as  chair  of  a  standing  committee.  The  following  sub- 
classes of  Associate  Membership  are  available:  Foreign,  Physician,  and  Industrial  (individuals 
whose  primary  occupation  is  directly  or  indirectly  devoted  to  the  manufacture,  sale,  or  distribu- 
tion of  respiratory  care  equipment  or  supplies)-  Special  Members  are  those  not  working  in  a 
respiratory  care-related  field. 

PLEASE  USE  THE  ADDRESS  OF  THE  LOCATION  WHERE  YOU  PERFORM  YOUR  JOB,  NOT 
THE  CORPORATE  HEADQUARTERS  IF  IT  IS  LOCATED  ELSEWHERE. 

Place  of  Employment 

Address 

City 

State 


Zip 


Phone  No. 


FOR  STUDENT  MEMBER 

Individuals  will  be  classified  as  Student  Members  if  they  meet  all  the  requirements  for  Associate 
Membership  and  are  enrolled  in  an  educational  program  in  respiratory  care  accredited  by,  or 
in  the  process  of  seeking  accreditation  from,  an  AARC-recognized  agency. 

SPECIAL  NOTICE  —  Student  Members  do  not  receive  Continuing  Respiratory  Care  Education 
(CRCE)  transcripts.  Upon  completion  of  your  respiratory  care  education,  continuing  education 
credits  may  be  pursued  upon  your  reclassification  to  Active  or  Associate  Member. 

School/RC  Program 

Address 


City  _ 

State 


.Zip 


Phone  No. 


Length  of  program 

□  1  year 

□  2  years 

Expected  Date  of  Graduation  (REQUIRED 
INFORMATION) 


□  4  years 

□  Other,  specify 


Month 


Year 
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Demographic  Questions 

We  request  that  you  answer  these  questions  in  order  to  help  us 
design  services  and  programs  to  meet  your  needs. 


Cheek  the  Highest  Degree  Earned 

□  High  School 

□  RC  Graduate  Technician 

□  Associate  Degree 

□  Bachelor's  Degree 

□  Master's  Degree 

□  Doctorate  Degree 


Number  of  Years  in  Respiratory  Care 

D    11-15  Years 

□    1 6  years  or  more 


□ 

0-2  years 

□ 

3-5  years 

D 

6-10  years 

Job  Status 

a 

Full  Time 

a 

Part  Time 

Credentials 

a 

RRT 

a 

CRT 

a 

Physician 

a 

CRNA 

a 

RN 

Salary 

a 

Less  than  $  1 0,000 

□ 

$10,001420,000 

a 

$20,001-$30,000 

a 

$30,001 -$40,000 

□ 

$40,000  or  more 

D  LVN/LPN 

□  CPFT 
D  RPFT 

□  Perinatal/Pediatric 


PLEASE  SIGN 

I  hereby  apply  for  membership  in  the  American  Association  for  Respiratory  Care 
and  have  enclosed  my  dues.  If  approved  for  membership  in  the  AARC,  I  will  abide 
by  its  bylaws  and  professional  code  of  ethics.  I  authorize  investigation  of  all  state- 
ments contained  herein  and  understand  that  misrepresentations  or  omissions  of 
facts  called  for  is  cause  for  rejection  or  expulsion. 

A  yearly  subscription  to  RESPIRATORY  CARE  journal  and  AARC  Times  magazine 
includes  an  allocation  of  $1  1 .50  from  my  dues  for  each  of  these  publications. 

NOTE:  Contributions  or  gifts  to  the  AARC  are  not  tax  deductible  as  charitable  con- 
tributions for  income  tax  purposes.  However,  they  may  be  tax  deductible  as  ordi- 
nary and  necessary  business  expenses  subject  to  restrictions  imposed  as  a  result  of 
association  lobbying  activities.  The  AARC  estimates  that  the  nondeductible  portion 
of  your  dues  —  the  portion  which  is  allocable  to  lobbying  —  is  26%. 


Signature 
Date 


Membership  Fees 

Payment  must  accompany  your  application  to  the 

AARC.   Fees  are  for   1 2 

months.  (NOTE:  Renewal  fees  are  $75.00  Active,  Associate-Industrial  or  Associ- 

ate-Physician,  or   Special   status;    $90.00   for  Associate-Foreign   status;   and 

$45.00  for  Student  status). 

□  Active 

$  87.50 

□  Associate  (Industrial  or  Physician) 

$  87.50 

□  Associate  (Foreign) 

$102.50 

□  Special 

$  87.50 

D  Student 

$  45.00 

TOTAL 
Specialty  Sections 

$ 

Established  to  recognize  the  specialty  areas  of  respiratory  care,  these  sections 

publish  a  bi-monthly  newsletter  that  focuses  on  issues 

of  specific  concern  to  that 

specialty.  The  sections  also  design  the  specialty  programming  at  the  national 

AARC  meetings. 

□  Adult  Acute  Care  Section 

$15.00 

□  Education  Section 

$20.00 

□  Perinatal-Pediatric  Section 

$15.00 

□  Diagnostics  Section 

$15.00 

□  Continuing  Care- 

Rehabilitation  Section 

$15.00 

□  Management  Section 

$20.00 

□  Transport  Section 

$15.00 

□   Home  Care  Section 

$15.00 

□  Subacute  Care  Section 

$15.00 

TOTAL 
GRAND  TOTAL  =  Membership  Fee 

$ 

plus  optional  sections 

$ 

□  Total  Amount  Enclosed/Charged       $ 

□  Please  charge  my  dues  (see  below) 

A 

To  charge  your  dues,  complete  the  following:            A 

At 

□  MasterCard                                       t~ 

lanX^ 

□  Visa                                               "^ 

TV 

Card  Number 

Card  Expires                  / 

Signature 

Mail  application  and  appropriate  fees  to: 
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General  Information 

RESPIRATORY  CARE  welcomes  original  manuscripts  related  to  the 
science  and  technology  of  respiratory  care  and  prepared  accord- 
ing to  these  Instructions  and  the  Uniform  Requirements  for 
Manuscripts  Submitted  to  Biomedical  Journals  [Respir  Care  1 997 : 
42(6):623-634].  Manuscripts  are  blinded  and  reviewed  by  pro- 
fessionals who  are  experts  in  their  fields.  Authors  are  responsible 
for  all  aspects  of  the  manuscript  and  receive  galleys  to  proofread 
before  publication.  Each  accepted  manuscript  is  copyedited  so  that 
its  message  is  clear  and  it  conforms  to  the  Journal's  style.  Published 
papers  are  copyrighted  by  Daedalus  Inc  and  may  not  be  published 
elsewhere  without  permission. 

Editorial  consultation  is  available  at  any  stage  of  planning  or  writ- 
ing. On  request,  specific  guidance  is  provided  for  all  publication  cat- 
egories. To  receive  these  Instructions  and  related  materials,  write 
to  RESPIRATORY  CARE,  600  Ninth  Avenue,  Suite  702,  Seattle  WA 
98104,  call  (206)  223-0558,  or  fax  (206)  223-0563. 

Publication  Categories  &  Structure 

Research  Article:  A  report  of  an  original  investigation  (a  study). 
It  includes  a  Title  Page,  Abstract,  Introduction,  Methods,  Results, 
Discussion,  Conclusions,  Product  Sources,  Acknowledgments,  Ref- 
erences, Tables,  Appendices,  Figures,  and  Figure  Captions. 

Evaluation  of  Device/Method/Technique:  A  description  and  eval- 
uation of  an  old  or  new  device,  method,  technique,  or  modification. 
It  has  a  Title  Page,  Abstract,  Introduction,  Description  of  De- 
vice/Method/Technique, Evaluation  Methods,  Evaluation  Results, 
Discussion,  Conclusions,  Product  Sources,  Acknowledgments,  Ref- 
erences, Tables,  Appendices,  Figures,  and  Figure  Captions.  Com- 
parative cost  data  should  be  included  wherever  possible. 

Case  Report:  A  report  of  a  clinical  case  that  is  uncommon,  or  was 
managed  in  a  new  way,  or  is  exceptionally  instructive.  All  authors 
must  be  associated  with  the  case.  A  case-managing  physician  must 
either  be  an  author  or  furnish  a  letter  approving  the  manuscript.  Its 
components  are  Title  Page,  Abstract,  Introduction,  Case  Summa- 
ry, Discussion,  References,  Tables,  Figures,  and  Figure  Captions. 

Review  Article:  A  comprehensive,  critical  review  of  the  literature 
and  state-of-the-art  summary  of  a  pertinent  topic  that  has  been  the 
subject  of  at  least  40  published  research  articles.  Title  Page,  Out- 
line, Introduction,  Review  of  the  Literature,  Summary,  Acknowl- 
edgments, References.  Tables,  Appendices,  and  Figures  and  Cap- 
tions may  be  included. 

Overview:  A  critical  review  of  a  pertinent  topic  that  has  fewer  than 
40  published  research  articles. 

Update:  A  report  of  subsequent  developments  in  a  topic  that  has 
been  critically  reviewed  in  this  Journal  or  elsewhere. 


Point-of-View  Paper:  A  paper  expressing  personal  but  substanti- 
ated opinions  on  a  pertinent  topic.  Title  Page,  Text,  References,  Tables, 
and  Illustrations  may  be  included. 

Special  Article:  A  pertinent  paper  not  fitting  one  of  the  foregoing 
categories  may  be  acceptable  as  a  Special  Article.  Consult  with  the 
Editor  before  writing  or  submitting  such  a  paper. 

Editorial:  A  paper  drawing  attention  to  a  pertinent  concern;  it  may 
present  an  opposing  opinion,  clarify  a  position,  or  bring  a  problem 
into  focus. 

Letter:  A  signed  communication,  marked  "For  publication," 
about  prior  publications  in  this  Journal  or  about  other  pertinent  top- 
ics. Tables  and  illustrations  may  be  included. 

Blood  Gas  Corner:  A  brief,  instructive  case  report  involving  blood 
gas  values — with  Questions,  Answers,  and  Discussion. 

Drug  Capsule:  A  mini-review  paper  about  a  drug  or  class  of  drugs 
that  includes  discussions  of  pharmacology,  pharmacokinetics, 
and  pharmacotherapy. 

Graphics  Corner:  A  briefcase  report  incorporating  waveforms  for 
monitoring  or  diagnosis — with  Questions,  Answers,  and  Discussion. 

Kittredge's  Corner:  A  brief  description  of  the  operation  of  respiratory 
care  equipment — with  information  from  manufacturers  and  edito- 
rial comments  and  suggestions. 

PFT  Corner:  Like  Blood  Gas  Corner,  but  involving  pulmonary 
function  tests. 

Cardiorespiratory  Interactions.  A  case  report  demonstrating  the 
interaction  between  the  cardiovascular  and  respiratory  systems.  It 
should  be  a  patient-care  scenario;  however,  the  case — the  central 
theme — is  the  systems  interaction.  CRI  is  characterized  by  figures, 
equations,  and  a  glossary.  See  the  March  1 996  Issue  of  RESPIRA- 
TORY CARE  for  more  detail. 

Test  Your  Radiologic  Skill:  Like  Blood  Gas  Corner,  but  involv- 
ing pulmonary  medicine  radiography  and  including  one  or  more  radio- 
graphs; may  involve  imaging  techniques  other  than  conventional 
chest  radiography. 

Review  of  Book,  Film,  Tape,  or  Software:  A  balanced,  critical 
review  of  a  recent  release. 

Preparing  the  Manuscript 

Print  on  one  side  of  white  bond  paper,  8.5  in.  x  1 1  in.  (216  x  279  mm) 
with  margins  of  at  least  1  in.  (25  mm)  on  all  sides  of  the  page.  Use 
double-spacing  throughout  the  entire  manuscript.  Use  a  standard 
font  (eg,  Times,  Helvetica,  or  Courier)  at  least  10  points  in  size,  and 
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do  not  use  italics  except  for  special  emphasis.  Number  all  pages  in 
upper-right  corners.  Indent  paragraphs  5  spaces.  Do  not  justify.  Do 
not  put  authors'  names,  institutional  affiliations  or  allusions  to 
institutional  affiliations  in  the  text,  or  other  identification  any- 
where except  on  the  title  page.  Repeat  title  only  (no  authors)  on 
the  abstract  page.  Begin  each  of  the  following  on  a  new  page:  Title 
Page,  Abstract,  Text,  Product  Sources  List,  Acknowledgments,  Ref- 
erences, each  Table,  and  each  Appendix.  Use  standard  English  in 
the  first  person  and  active  voice. 

Center  main  section  headings  on  the  page  and  type  them  in  cap- 
ital and  small  letters  (eg,  Introduction,  Methods,  Results,  Discus- 
sion). Begin  subheadings  at  the  left  margin  and  type  them  in  cap- 
ital and  small  letters  (eg,  Patients,  Equipment,  Statistical  Analysis). 

References.  Cite  only  published  works  as  references.  Manuscripts 
accepted  but  not  yet  published  may  be  cited  as  references:  desig- 
nate the  accepting  journal,  followed  by  (in  press),  and  provide  3  copies 
of  the  in-press  article  for  reviewer  inspection.  Cite  references  in  the 
text  with  superscript  numerals.  Assign  numbers  in  the  order  that  ref- 
erences are  first  cited.  On  the  reference  page,  list  the  cited  works 
in  numerical  order.  Follow  the  Journal's  style  for  references.  Abbre- 
viate journal  names  as  in  Index  Medicus.  List  all  authors. 

Article  in  a  journal  carrying  pagination  throughout  volume: 

Rau  JL,  Harwood  RJ.  Comparison  of  nebulizer  delivery  methods 
through  a  neonatal  endotracheal  tube:  a  bench  study.  Respir  Care 
1992;37(  11):  1233- 1240. 

Article  in  a  publication  that  numbers  each  issue  beginning  with 
Page  1: 

Bunch  D.  Establishing  a  national  database  for  home  care.  AARC  Times 
1991;15(Mar):61,62,64. 

Corporate  author  journal  article: 

American  Association  for  Respiratory  Care.  Criteria  for  establish- 
ing units  for  chronic  ventilator-dependent  patients  in  hospitals.  Respir 
Care  1988;33(11):1044-1046. 

Article  in  journal  supplement:  (Journals  differ  in  their  methods  of 
numbering  and  identifying  supplements.  Supply  sufficient  information 
to  promote  retrieval.) 

Reynolds  HY.  Idiopathic  interstitial  pulmonary  fibrosis.  Chest  1986; 
89(3Suppl):139S-143S. 

Abstract  in  journal:  (Abstracts  citations  are  to  be  avoided.  Those  more 
than  3  years  old  should  not  be  cited.) 

Stevens  DP.  Scavenging  ribavirin  from  an  oxygen  hood  to  reduce  envi- 
ronmental exposure  (abstract).  Respir  Care  1990;35(1 1):  1087-1088. 

Editorial  in  journal: 

Enright  P.  Can  we  relax  during  spirometry?  (editorial).  Am  Rev  Respir 
Dis  1993;148(2):274. 

Editorial  with  no  author  given: 

Negative-pressure  ventilation  for  chronic  obstructive  pulmonary  dis- 
ease (editorial).  Lancet  1992;340(8833):1440-1441. 

Letter  in  journal: 

Aelony  Y.  Ethnic  norms  for  pulmonary  function  tests  (letter).  Chest 
I99l;99(4):1051. 


Paper  accepted  but  not  yet  published: 

Hess  D.  New  therapies  for  asthma.  Respir  Care  (year,  in  press). 

Personal  author  book:  (For  any  book,  specific  pages  should  be  cited 
whenever  possible.) 

DeRemee  RA.  Clinical  profiles  of  diffuse  interstitial  pulmonary  dis- 
ease. New  York:  Futura;  1990.  p.  76-85. 

Corporate  author  book: 

American  Medical  Association  Department  of  Drugs.  AMA  drug  eval- 
uations, 3rd  ed.  Littleton  CO:  Publishing  Sciences  Group;  1977. 

Chapter  in  book  with  editor(s): 

Pierce  AK.  Acute  respiratory  failure.  In:  Guenter  CA,  Welch  MH,  edi- 
tors. Pulmonary  medicine.  Philadelphia:  JB  Lippincott;  1977:26-42. 

Tables.  Use  consecutively  numbered  tables  to  display  information. 
Start  each  table  on  a  separate  page.  Number  and  title  the  table  and 
give  each  column  a  brief  heading.  Place  explanations  in  footnotes, 
including  all  nonstandard  abbreviations  and  symbols.  Key  the  foot- 
notes with  conventional  designations  (*,  t,  t,  §,  II,  1,  **,  tt)  in  con- 
sistent order,  placing  them  superscript  in  the  table  body.  Do  not  use 
horizontal  or  vertical  rules  or  borders.  Do  not  submit  tables  as  pho- 
tographs, reduced  in  size,  or  on  oversize  paper.  Use  the  same  type- 
face as  in  the  text. 

Illustrations.  Graphs,  line  drawings,  photographs,  and  radiographs 
are  figures.  Use  only  illustrations  that  clarify  and  augment  the  text. 
Number  them  consecutively  as  Fig.  1 ,  Fig.  2,  and  so  forth  accord- 
ing to  the  order  by  which  they  are  mentioned  in  the  text.  Be  sure 
all  figures  are  cited.  If  any  figure  was  previously  published,  include 
copyright  holder's  written  permission  to  reproduce.  Figures  for 
publication  must  be  of  professional  quality.  Data  for  the  original 
graphs  should  be  available  to  the  Editor  upon  request.  If  color  is  essen- 
tial, consult  the  Editor  for  more  information.  In  reports  of  animal 
experiments,  use  schematic  drawings,  not  photographs.  A  letter  of 
consent  must  accompany  any  photograph  of  a  person.  Do  not  place 
titles  and  detailed  explanations  on  figures;  put  this  information  in 
figure  captions.  If  possible,  submit  radiographs  as  prints  and  full- 
size  copies  of  film. 

Drugs.  Identify  precisely  all  drugs  and  chemicals  used,  giving  gener- 
ic names,  doses,  and  routes  of  administration.  If  desired,  brand  names 
may  be  given  in  parentheses  after  generic  names.  Drugs  should  be 
listed  on  the  product-sources  page. 

Commercial  Products.  In  parentheses  in  the  text,  identify  any  com- 
mercial product  (including  model  number  if  applicable)  the  first  time 
it  is  mentioned,  giving  the  manufacturer's  name,  city,  and  state  or 
country.  If  four  or  more  products  are  mentioned,  do  not  list  any  man- 
ufacturers in  the  text;  instead,  list  them  on  a  Product  Sources  page 
at  the  end  of  the  text,  before  the  References.  Provide  model  num- 
bers when  available  and  manufacturer's  suggested  price,  if  the  study 
has  cost  implications. 

Ethics.  When  reporting  experiments  on  human  subjects,  indicate 
that  procedures  were  conducted  in  accordance  with  the  ethical  stan- 
dards of  the  World  Medical  Association  Declaration  of  Helsinki 
[Respir  Care  1997;42(6):635-636]  or  of  the  institution's  committee 
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on  human  experimentation.  State  that  informed  consent  was 
obtained.  Do  not  use  patient's  names,  initials,  or  hospital  numbers 
in  text  or  illustrations.  When  reporting  experiments  on  animals,  indi- 
cate that  the  institution's  policy,  a  national  guideline,  or  a  law  on 
the  care  and  use  of  laboratory  animals  was  followed. 

Statistics.  Identify  the  statistical  tests  used  in  analyzing  the  data, 
and  give  the  prospectively  determined  level  of  significance  in  the 
Methods  section.  Report  actual  p  values  in  Results.  Cite  only  text- 
book and  published  article  references  to  support  choices  of  tests.  Iden- 
tify any  general-use  or  commercial  computer  programs  used,  nam- 
ing manufacturers  and  their  locations.  These  should  be  listed  on  the 
product-sources  page. 

Units  of  Measurement.  Express  measurements  of  length,  height, 
weight,  and  volume  in  metric  units  appropriately  abbreviated;  tem- 
peratures in  degrees  Celsius;  and  blood  pressures  in  millimeters  of 
mercury  (mm  Hg).  Report  hematologic  and  clinical-chemistry  mea- 
surements in  conventional  metric  and  in  SI  (Systeme  Internationale) 
units.  Show  gas  pressures  (including  blood  gas  tensions)  in  torr. 
List  SI  equivalent  values,  when  possible,  in  brackets  following  non- 
Si  values— for  example,  "PEEP,  10  cm  H20  [0.98 1  kPa]."  For  con- 
version to  SI,  see  RESPIRATORY  CARE  1988;33(10):861-873  (Oct 
1988),  1989;34(2):145(Feb  1989),  and  1 997 ;42(6):639-640  (June 
1997). 

Conflict  of  Interest  Authors  are  asked  to  disclose  any  liaison  or  finan- 
cial arrangement  they  have  with  a  manufacturer  or  distributor  whose 
product  is  part  of  the  submitted  manuscript  or  with  the  manufacturer 
or  distributor  of  a  competing  product.  (Such  arrangements  do  not 
disqualify  a  paper  from  consideration  and  are  not  disclosed  to  review- 
ers.) A  statement  to  this  effect  is  included  on  the  cover-letter  page. 
(Reviewers  are  screened  for  possible  conflict  of  interest.) 

Abbreviations  and  Symbols.  Use  standard  abbreviations  and  sym- 
bols. Avoid  creating  new  abbreviations.  Avoid  all  abbreviations 
in  the  title  and  unusual  abbreviations  in  the  abstract.  Use  an  abbre- 
viation only  if  the  term  occurs  several  times  in  the  paper.  Write  out 
the  full  term  the  first  time  it  appears,  followed  by  the  abbreviation 
in  parentheses.  Thereafter,  employ  the  abbreviation  alone.  Never 
use  an  abbreviation  without  defining  it.  Standard  units  of  mea- 
surement can  be  abbreviated  without  explanation  (eg,  10  L/min, 
15  torr,  2.3  kPa). 

Please  use  the  following  forms:  cm  H2O  (not  cmH20),  f  (not  bpm), 
L  (not  1),  L/min  (not  LPM,  l/min,  or  1pm),  mL  (not  ml),  mm  Hg  (not 
mmHg),  pH  (not  Ph  or  PH),  p  >  0.001  (not  p>0.001),  s  (not  sec), 
Spo2  (pulse-oximetry  saturation).  See  RESPIRATORY  CARE: 
Standard  Abbreviations  and  Symbols  [RespirCare  1997;42(6):637- 
642]. 

Submitting  the  Manuscript 

Mail  three  copies  [1  copy  with  author(s)  name(s),  affiliation(s),  2 
copies  without  name(s)  and  affiliation(s)  for  reviewers]  of  the  manu- 
script, figures,  and  1  diskette,  and  the  Cover  Letter  &  Checklist  to 
RESPIRATORY  CARE,  600  Ninth  Avenue,  Suite  702,  Seattle  WA 
98 1 04.  Do  not  fax  manuscripts.  Protect  figures  with  cardboard.  Keep 
a  copy  of  the  manuscript  and  figures.  Receipt  of  your  manuscript 


will  be  acknowledged. 

Computer  Diskettes.  Authors  are  encouraged  to  submit  electron- 
ic versions  of  manuscripts  as  well  as  printed  copies  (3.5  in.  diskettes 
in  Macintosh  or  IBM-DOS  format).  Label  each  diskette  with  date; 
author's  name;  name  and  version  of  word-processing  program  used; 
and  filename(s).  Software  used  to  produce  graphics  and  tables  should 
be  similarly  identified.  Do  not  write  on  diskette  labels  except  with 
felt-tipped  pen.  If  revision  of  a  manuscript  is  required  as  a  condi- 
tion of  acceptance  for  publication,  we  ask  that  an  electronic  version 
of  revision  be  supplied  to  facilitate  copyediting  and  production. 

Prior  and  Duplicate  Publication.  Work  that  has  been  published 
or  accepted  elsewhere  should  not  be  submitted.  In  special  instances, 
the  Editor  may  consider  such  material,  provided  that  permission  to 
publish  is  given  by  the  author  and  original  publisher.  Please  con- 
sult the  Editor  before  submitting  such  work. 

Authorship.  All  persons  listed  as  authors  should  have  participat- 
ed in  the  reported  work  and  in  the  shaping  of  the  manuscript;  all  must 
have  proofread  the  submitted  manuscript;  and  all  should  be  able  to 
publicly  discuss  and  defend  the  paper's  content.  A  paper  with  cor- 
porate authorship  must  specify  the  key  persons  responsible  for  the 
article.  Authorship  is  not  justified  solely  on  the  basis  of  solicitation 
of  funding,  collection  or  analysis  of  data,  provision  of  advice,  or  sim- 
ilar services.  Persons  who  provide  such  ancillary  services  exclusively 
may  be  recognized  in  an  Acknowledgments  section. 

Permissions.  The  manuscript  must  be  accompanied  by  copies  of 
permissions  to  reproduce  previously  published  material  (figures  or 
tables);  to  use  illustrations  of,  or  report  sensitive  personal  information 
about,  identifiable  persons;  and  to  name  persons  in  the  Acknowl- 
edgments section. 

Reviewers.  Please  supply  the  names,  credentials,  affiliations,  address- 
es, and  phone/fax  numbers  of  three  professionals  whom  you  con- 
sider expert  on  the  topic  of  your  paper.  Your  manuscript  may  be  sent 
to  one  or  more  of  them  for  blind  peer  review. 
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600  Ninth  Avenue,  Suite  702 

Seattle  WA  98 104 

(206)  223-0558  (voice) 

(206)  223-0563  (fax) 

e-mail:  rcjournal@aarc.org 

kreilkamp@aarc.org 
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Calendar 
of  Events 


AARC  &  AFFILIATES 

August  25-27 — Cleveland,  Ohio 
The  OSRC  state  conference  will  be 
held  at  the  Holiday  Inn  in 
Independence,  just  south  of 
Cleveland.  Specialty  sessions  include 
critical  care,  pediatrics,  rehab/ 
continuing  care,  research,  and 
management. 

Contact:  Joe  Huff  at  (216)  861-6200, 
ext.  3892,  ewIul8a@prodigy.com  or 
Nancy  Johnson  at  (330)  929-7166. 
abbyru@aol.com. 

September  8-10 — Hot  Springs, 

Arkansas 

The  ASRC  presernts  its  28th  Annual 
State  Meeting  and  Education  Seminar 
at  the  Hot  Springs  Hilton  and 
Convention  Center.  Topics  will 
include  health  care  in  Arkansas, 
patient  rights,  disease  management, 
and  case  studies  by  area  RTs. 
Scheduled  to  speak  are  State 
Representative  Brenda  Gullett, 
Congressman  Vic  Snyder,  Tom 
Kallstrom  of  Cleveland,  OH,  ASRC 
President  John  Campbell,  AARC 
President  Dianne  Kimball,  and 
Kristin  McFall  of  Denver,  CO  (topic: 
cystic  fibrosis). 

Contact:  John  Lindsey  at  (870)  541- 
7606,  jlindsey@ahecpb.uams.edu 

September  16-17 — Pittsburgh, 

Pennsylvania 

The  PSRC  will  host  their  26th  Annual 
Western  Pennsylvania  Regional 
Pulmonary  Medicine  and  Physiology 
Conference  at  the  Sheraton  Station 
Square.  Topics  include  management, 
critical  care,  sleep  diagnostics, 
pulmonary  rehabilitation,  and  the 
physician  forum. 

Contact:  Debbie  Logan  at  (800)  545- 
4663,  ext.  112. 

September  24-25 — Cleveland,  Ohio 
The  AARC  presents  the  "Disease 
Management  of  Asthma"  seminar. 
Come  and  join  a  distinguished  faculty 
as  they  review  the  NIH  asthma 


guidelines,  marketing  the  asthma 
program,  pharmacology,  and 
numerous  other  aspects  of  asthma 
program  management. 
Contact:  The  AARC  Conventions 
Office  at  (972)  243-2272. 

October  1 — Melville,  New  York 
The  NYSSRC's  Southeastern  Chapter 
hosts  their  3 1  st  annual  symposium, 
"Respiratory  Care  —  A  Work  in 
Progress,"  at  the  Huntington  Hilton 
Hotel  in  Melville,  Long  Island.  The 
keynote  address  will  be  given  by  Carl 
Wiezalis,  vice-president  of  the  AARC. 
Contact:  For  information,  call  Jim 
Ganetisat(516)444-3181or 
www.nyssrc.org. 

October  20-22 — Daniels,  West 

Virginia 

The  West  Virginia  Society  for 
Respiratory  Care  will  host  its  Annual 
Fall  Meeting  at  the  Glade  Springs 
Resort,  Country  Inns  and  Suites. 
Contact:  For  more  information, 
contact  Jay  Wildt,  co-chair  of 
program  and  education,  at 
(304)  442-7474. 

December  13-16 — Las  Vegas,  Nevada 
The  AARC's  45th  International 
Respiratory  Congress  is  scheduled  for 
Dec.  13-16  (Monday  through 
Thursday)  at  the  Las  Vegas 
Convention  Center.  Sessions 
appealing  to  all  levels  of  health  care 
providers  will  be  offered,  with  CRCE 
credit  available.  Exhibits  by 
international  manufacturers  of 
cardiopulmonary  equipment  will  be 
featured.  Additional  information  will 
be  available  in  the  fall. 

Other  Meetings 

August  19-20 — Cleveland,  Ohio 
The  Cleveland  Clinic  Foundation  is 
sponsoring  a  continuing  education 
program  titled  "Respiratory  Therapy." 
which  has  been  approved  for  Category 
1  accreditation.  It  will  be  held  at  the 
Omni  International  Hotel. 


Contact:  For  more  information,  call 
Laurie  Mattel  at  (216)  444-5696  or 
(800)862-8173. 

September  16-19 — Phoenix,  Arizona 
The  American  Association  of 
Cardiovascular  and  Pulmonary 
Rehabilitation  will  hold  its  14th 
annual  meeting  at  the  Phoenix  Civic 
Center. 

Contact:  For  more  information,  call 
(608)  831-6989;  aacvpr@tmahq.com; 
http://www.aacvpr.org. 

October  1-3 — Ottawa,  Ontario, 

Canada 

The  Canadian  COPD  Alliance  will 
host  "Building  and  Enriching 
Partnerships  in  the  Management  of 
COPD"  at  the  Radisson  Hotel  Ottawa 
Centre.  This  conference  will  include 
plenary  sessions  on  the  epidemiology 
of  COPD  and  scientific  workshops  on 
spirometry,  smoking  cessation,  and  the 
evidence  to  support  management 
approaches  to  COPD.  Included  is  a 
series  of  practical  workshops  on 
rehabilitation  and  a  parallel  consumer 
track  for  those  who  live  with  COPD. 
Contact:  call  (613)  747-6776  or  see 
their  web  site  at  www.lung.ca/CCA/ 
conference. 

October  4-5 — Ann  Arbor,  Michigan 
The  Office  of  Continuing  Medical 
Education  at  the  University  of 
Michigan  is  sponsoring  a  conference, 
"Update  on  Pulmonary  and  Critical 
Care  Medicine,"  at  the  Towsley  Center. 
Contact:  For  more  information, 
contact  Laura  Castellanos  at 
(734)  647-8784. 

October  31-November  4 — Chicago, 

Illinois 

The  American  College  of  Chest 
Physicians  will  host  their  65th  Annual 
International  Scientific  Assembly  at 
the  Lakeside  Center.  For  information, 
contact  Member  Services  at  (800) 
343-2227,  fax  (847)  498-5460,  or 
www.chestnet.org. 


Respiratory  Care  •  August  1999  Vol  44  No  8 


Notices 


Notices  of  competitions,  scholarships,  fellowships,  examination  dates,  new  educational  programs, 

and  the  like  will  be  listed  here  free  of  charge.  Items  for  the  Notices  section  must  reach  the  Journal  60  days 

before  the  desired  month  of  publication  (January  1  for  the  March  issue,  February  1  for  the  April  issue,  etc).  Include  all 

pertinent  information  and  mail  notices  to  RESPIRATORY  CARE  Notices  Dept,  1 1030  Abies  Lane,  Dallas  TX  75229-4593. 


ewao 


ATIQNAL 


ESS 


1^9  9 


Las   Vegas,    Nevada 


45th    In 


Helpful  LUefrSites 

American  Association  for  Respiratory  Care 

http://www.aarc.org 

—  Current  job  listings 

—  American  Respiratory  Care  Foundation 
fellowships,  grants,  &  awards 

—  Clinical  Practice  Guidelines 

National  Board  for  Respiratory  Care 

http://www.nbrc.org 

RESPIRATORY  Care  online 

http://www.rcjournal.com 
— 1997  Subject  and  Author  Indexes 

—  Contact  the  editorial  staff 

Asthma  Management 
Model  System 

http://www.nhlbi.nih.gov 


The  National  Board  for  Respiratory  Care — 1999  Examination  Dates  and  Fees 


Examination 

CRTT  (CRT)  Examination 


Examination  Date 

November  13,  1999 

Application  Deadline:  September  1,  1999 


Examination  Fee 

$120   (new  applicant) 
80    (reapplicant) 


For  information  about  other  services  or  fees,  write  to  the  National  Board  for  Respiratory  Care, 
8310  Nieman  Road,  Lenexa  KS  66214,  or  call  (913)  599-4200,  FAX  (913)  54 l-0156,or  e-mail:  nbrc-info@nbrc.org 
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Asthma  Disease  Management  Course  Comes  to 
Cleveland 

"Disease  Management  of  Asthma,"  a  newly  designed  day- 
and-a-half  course,  will  be  held  in  Cleveland  Sept  24-25. 
Drawing  on  the  expertise  of  a  nationally  recognized  fac- 
ulty, this  course  has  been  developed  in  accordance  with 
the  National  Institute  of  Health  Asthma  Guidelines  for 
the  Diagnosis  and  Management  of  Asthma.  Completing 
this  course  will  earn  respiratory  therapists  1 1  hours  of 
continuing  education  credit.  Topics  covered  include  dis- 
ease management,  pharmacology,  educational  strate- 
gies, marketing  your  program,  outcomes  management, 
and  age-specific  issues.  Register  on-line  or  call  the  AARC 
for  registration  materials.  The  program  will  be  held 
September  24-25,  at  the  Marriott  Cleveland  Airport 
Hotel.  Registration  before  August  30,  1999  is  $175  for 
AARC  members,  $250  for  non-members.  (After  August 
30,  register  for  $275  member,  $350  non-member) 

AARC  Exhibition  Becomes  'Selling  Show' 

The  AARC's  45th  International  Respiratory  Congress 
will,  for  the  first  time  in  its  history,  provide  attendees 
and  exhibitors  the  opportunity  to  negotiate  sales  of  prod- 
ucts and  equipment  at  the  exhibitor  show,  December  13 
-16,  in  Las  Vegas.  More  than  200  equipment  manufac- 
turers, pharmaceutical  companies,  service  organiza- 
tions, and  supply  companies  will  exhibit  at  the  show. 
"We've  always  had  an  extremely  enthusiastic  response  to 
our  exhibiting  companies,"  said  AARC  Executive  Direc- 
tor Sam  Giordano.  "We  decided  to  take  that  approach 
this  year  to  make  attending  the  meeting  even  more  cost 
effective  —  and  the  show  specials  and  discounts  our 
exhibitors  are  providing  will  make  the  exhibition  an  even 
greater  success,"  he  said. 


New  Products  Help  with  Clinical  Practice 

These  products  from  the  AARC,  some  newly  introduced, 
will  help  in  both  clinical  practice  situations  and  in 
administration,  in  acute  care  and  post-acute  care.  Check 
them  out: 

Diagnostic  Training  and  Competence  Assessment  Man- 
ual for  Pulmonary  and  Noninvasive  Cardiology.  CDRom. 
$267  for  AARC  members.  This  manual  (on  compact  disk) 
is  ideal  for  use  in  course  development,  training,  orienta- 
tion, and  competence  assessment  for  individuals  in  the 
laboratory  setting.  A  pulmonary  diagnostics  section 
features  quality  control,  diffusing  capacity,  whole  body 
plethysmography,  arterial  blood  gas  sampling, 
bronchoscopy  and  seven  other  procedures.  The  noninva- 
sive cardiology  section  features  EEC,  stress  testing,  event 
monitoring,  exercise  testing  and  three  other  procedures. 

Asthma  Disease  State  Management.  Video  and 
workbook.  $79.95  for  members.  Provides  instruction  in 
how  to  create  an  effective  asthma  disease  management 
program  in  your  facility.  Covers  diagnosis,  pharmacolog- 
ical therapy,  environmental  controls,  patient/family  edu- 
cation, and  case  studies.  Approved  for  two  hours  of  CRCE 
credit  and  nursing  CE  credit. 

Orientation  and  Competency  Assurance  Documentation 
Manual.  Manual.  $65  for  members.  Provides  the  informa- 
tion, assessment  tools,  and  models  necessary  to 
demonstrate  that  the  competence  of  employees  is 
documented  according  to  JCAHO  requirements. 

Uniform  Reporting  Manual  for  Acute  Care.  Manual.  $65 
for  members.  Provides  you  with  nationally  recognized 
standards  for  documenting  workload  units  and  time 
standards.  Includes  patient  assessment  activities  and  cov- 
ers bronchial  hygiene,  supplemental  oxygen,  airway  care, 
diagnostic  tests,  and  cardiovascular  diagnostics. 

Uniform  Reporting  Manual  for  Subacute  Care.  Manual. 
$75  for  members.  Provides  tools  to  determine  productiv- 
ity, track  trends  in  the  utilization  of  respiratory  care  ser- 
vices, assist  in  determining  personnel  requirements, 
measure  demand  for  and  intensity  of  services,  and  meet 
the  requirements  of  prospective  payment  systems  (PPS). 

Respiratory  Home  Care  Procedure  Manual.  Manual.  $80 
for  members.  The  new  "Respiratory  Home  Care 
Procedure  Manual"  is  specifically  designed  for  the  home 
care  setting.  And,  it  is  easily  adaptable  to  any  alternate 
care  site  from  subacute  to  home  medical  equipment 
companies  and  nursing  agencies.  The  manual  features 
five  sections  of  information,  forms,  and  checklists  for  the 
patient  and  practitioner. 
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Portex®  Arterial  Blood  Sampling  Devices 


When  the  chemistry  is  right, 
the  possibilities  are  endless. 


The  right  chemistry  can  spark 
great  relationships,  inspire 
genius,  and  produce  medical 
breakthroughs.  Case  in  point: 
SIMS  Portex  advanced  formula 
heparin  makes  arterial  blood 
sampling  easier,  more  accurate, 
and  more  efficient,  permitting 
1 1  tests  from  a  single  sample. 
With  such  inspired 
innovations,  the  relationship 
between  our  ABS  products  and 
discriminating  clinicians  will 
go  on  forever. 

Our  chemistry  is  so 
right  that  one  sample  is 
all  you  need  for  11  tests. 

Our  advanced  formula  heparin 
combines  the  necessary 
anticoagulant  effect  with 
calcium-neutral  heparin  for 
more  accurate,  more  extensive 
testing  from  a  single  sample. 
Ours  is  the  first  and  only 
heparin  formula  that  can 
measure  1 1  indications  from 
one  arterial  blood  sample. 


Endless  possibilities, 
more  products,  lots  of 
safety  features. 

SIMS  Portex  offers  more 
product  choices  than  any  other 
manufacturer — liquid  and  dry 
heparin,  with  syringe  sizes 
ranging  from  250  pL  to  3  cc. 
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For  further  information,  contact: 


We  also  help  to  eliminate  the 
frightening  possibility  of 
needlesticks  with  our  patented 
Needle-Pro*  needle  protection 
device,-  the  Filter-Pro*  air 
bubble  removal  device  is 
standard  on  all  our  syringes. 

That  special  spark? 

There  is  a  special  chemistry 
between  SIMS  Portex  and  the 
clinicians  who  use  our 
products,  a  relationship  built 
on  trust,  support,  and 
reliability.  Clinicians  prefer 
our  blood  sampling  devices  for 
obvious  reasons:  they  are  safer, 
easier  to  use,  and  less 
traumatic  for  patients. 

Newly  released  on 
videotape. 

Call  us,  toll-free,  to  get  your 
tape  of  our  newest  video 
release  on  arterial  blood 
sampling  devices  and 
techniques.  Ask  for  Nicole 
Hall,  1-800-258-5361, 
prompt  4,  ext  226. 


SIMS  Portex  Inc. 

800-258-5361  or  Fax  603-352-3703 
www.portexusa.com 


SMITHS  INDUSTRIES 


S  Medical  Systems 


Portex*,  Pro- Vent*,  Needle-Pro",  and  Filter-Pro*  are  registered  trademarks,  and  SIMS™  is  a  trademark  of  Smiths  Industries  Medical  Systems, 
Point-Lok"*  is  a  trademark  of  Noved  Medical. 


Needle-Pro" 
Needle  Protection 

Devices  for 

Maximum  Needle 

Protection  for 

Clinicians 


Filter-Pro 

Devices  for  Easy 

Removal  of  Air 

Bubbles 


Pro-Vent    Plus 

Microsampling 

Devices  for  Small, 

Fixed  Volume 

Blood  Samples 


Complete  Family 
of  Line  Draw 
Syringes  for 
Direct  Blood 

Sampling  from  an 
Arterial  Line 


Circle  130  on  reader  service  card 


Mind  at  rest. 


Diaphragm  at  work. 


The  new  RFb  System  -U 
Reduce  patient  anxiety  during  respiratory  retraining. 


Now  you  can  help  respiratory  patients  relearn  controlled 
(diaphragmatic)  breathing  by  helping  them  forget  all  about 
it.  The  RFb  System-1  is  a  breakthrough  biofeedback  tool  that 
significantly  reduces  patient  anxiety  through  visualization 
of  diaphragmatic  breathing.  The  result  is  therapy  that's 
easier — and  less  stressful — on  both  of  you. 

A  noninvasive  sensor  reflects  diaphragmatic  movement 
back  to  the  brain  through  an  audio/visual  headset  (patient 
can  choose  between  white  noise  and  a  musical  tone). 
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The  patient  receives  continuous  reinforcement  of  the  correct 
deep-breathing  technique  without  electrodes  or  other 
invasive  devices.  A  computer  console  makes  it  easy 
to  monitor  patient  progress  with  minimal  therapist 
involvement.  Therapy  has  been  reimbursed  under 
Medicare  B.  For  more  information,  call  DHD  Healthcare 
toll-free  today:  1-800-847-8000. 
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